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SUMMARY 

The objective of this study was to investigate effects of a simulated accidental pol:ution with 
polymeric MDI (4,4'-diphenylmethane-diisocyanate and homologues) on artificial ponds 
serving as aquatic model ecosystems. The artificial ponds are representative of a small standing 
water. Two ponds were dosed with different rates (10 and 1 gil) and were investigated for a 
period of 112 days after treatment. The test substance was applied under Central European 
conditions in May 1992. 

The test ponds used in this study are especially designed systems of 5 m3 volume which allow 
the establishment of identical conditions at the star: cf a study. The bottoms of the artificial 
ponds were covered with natural sediment. MDI was applied onto the sediment of the two test 
ponds at a rate of 10 and 1 g/1, respectively. The viscous fluid formed a more or less uniform 
layer on top of the sediment. In the low dosed pond the compound did not flow into the 
untreated section of the sediment which was separated from the treated section by a stainless 
steel barrier which was approximately 3 em higher than the sediment level. In the high dosed 
pond some of the applied compound flowed into the untreated sediment in spite of the barrier. 

Diverse aquatic communities developed spontaneously from seeds and roots of aquatic plants 
as well as from permanent stages of planctonic and benthic organisms. As representatives for a 
higher trophic level, 6 small rainbow trout were stocked separately in wir! mesh cages in each 
pond . The cages were necessary to reduce feeding pressure on the zooplankton community. 
Pond-to-pond comparability was generally good. 

Distribution and Fate of Polymeric MDI in Test Ponds 

The applied substance was a commercial polymeric MDI product containing about 44% 4,4·
MDI, with the balance being higher homologues and isomers. n _is product reacts with water 
to form polyureas and carbon dioxide with traces of MDA (4,4 '-diphenylmethane-diamine). 
The polymeric reaction product formed a hardened layer at th~ interface between the test 
compound and water. Some carbon dioxide was solubilized in water, but most of the C02 is 
released as a gas forming bubbles which floated to the water surface. This activity of bubbles 
continuously redistributed the test substance layer on the sediment for the first weeks of the 
study. Small pieces were brought to the water surface, from where they sank down onto the 
sediment again after some time; this resulted mainly from wind and rainfall. At the same time, 
polymerization continued. As a result ofthe steady mixing and the flow of test substance in the 
ponds, 40 % of the applied amount was found in the untreated section of the high dosed pond 
at the end of the study, while only a minor fraction reached the untreated section in the low 
dosed pond. 

The amount of MDI decreased continuously over the study period and thus the production of 
carbon dioxide also decreased with time. At the same time, the polymerization process 
protected the inner parts of the applied test substance layers from contact with water and the 
corresponding chemic at reactions. At the end of the study, all of the applied test substance was 
tound as hMrle1 .:d ·~yers on tup cf th,. ~f: r{ i ment in both ponds. These layers formed rather 
large pieces in th: hi _: '-: dosed pend, co·.t: ial!s abo11t ·} ()% ofthe sediment in the treatl!d section 
and 60% in the untr~ted section at the r'!ld ofthe mJdy. In i h~ low dosed pond about 30% of 
the lreated section w&!: covered, in the untreated s-:~u~... "''· . some smail pieces of polym~rized 
product could be detected. Approximately 100 % of the aJipHed substance was recovered. The 
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monomer MDI or the potential reaction product MDA were not solubilized in water. The 
concentrations of MDA and MDI analytically determined in pond water were below the 
detection limit (5- 10 ~gil) . Both compou•.tds did not accumulate in fish . 

Water Parameters 

The production of carbon dioxide resulted in c.:>nsiderably lower pH in the water of the treated 
t.!st ponds. The pH dropped in the treated ponds within the first days after application froM 
approximately 9 to about pH 6.5 and pH 8 in the high and low dosed ponds, respectively. The 
pH was reduced in treated ponds until the end of the study, to an average 2.0 and 0. 7 units 
lower than the control in the high and low dosed ponds, respectively. After ~he first days 
following treatment, the pH was very similar above the sediment and beneath the water 
surface, indicating good mixing of the pond water. The high concentration of carbon dioxide 
also resulted in considerab!y higher water hardness in pond water in treated ponds (equivalent 
to 80 - 100 mg CaO 11 in the high dosed pond, 60 mgll in the low dosed pond and 40 mg!l in 
the control pond at the end of the study). The sum of alkaline earths and the conductivity of 
pond water was increased accordingly. 

As the high dose of MDI resulted in a higher productivity of phytoplankton and macrophytes, 
the oxygen concentration in the high dosed pond was higher than in the control for the last 3 
months of the study (by 5 mgll for an average); the low dose of MDI resulted in only a slight 
increase in oxygen concentrations of 1 - 2 mgll for 1 to 2.5 months after application. The 
higher primary productivity caused even slightly lower nitrate, nitrite and ammonium 
com:entrations in the treated ponds. Nitrate concentrations decreased drastically during the 
first 2 mOitths of the study and were very low in all ponds thereafter (~ 0.2 mg/1), indicating 
nitrate as the limiting nutrient for primary production. Contrary, phosphate concentrations 
flu:tuated around 0.1 mg/1 for the whole study period without recognizable differences 
between test ponds, characterizing ~ mesotrophic status of the ponds. The biological and 
chemical oxygen demand was not a.ff(;cted by either application rate of the test substance. 

Biological Results 

Phytoplankton communities were composed of a broad variety of species of different groups. 
While the communities of the control and low dosed ponds showed quite similar structures for 
the whole study period, some long-term effects from the high dose on the species composition 
of phytoplankton organisms were determined after about 2 months following application. A~ 
this time Chlorophyceae became more abundant in the high dosed pond than in the other 
ponds, whereas the cell numbers of the most abundant group, Cryptophyceae, decreased. On 
the other hand, Cryptophyceae showed slightly higher cell numbers about 1 month after 
application in this pond. The similarity index (Stander 's Index) between high dosed and control 
pond is about 0.9 for the first illonth of the study and about 0.8 for the rest of the study, 
indicating only slight differences between these ponds. The similarity index is clearly higher for 
the low dosed pond (about 0.9; i.e., the ponds are more similar). Species diversity (Shannon
Weaver-Index of diversity and eveness of phytop~ankton communities) was not affected at any 
time of the study. Overall, only the high dosed pond showed some slight effects from 
application of MDI on the phytoplankton communities which are considered as indirect effects 
caused by the reduced pH of the water and the physico-chemical characteristics of the water. 
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Zooplankton communities were composed of a broad variety of species of different 
organisms; the main groups were Cladocera (water fleas), Copepoda and Rotatoria (rotifers) . 
Cladocera abundance was slightly reduc~d in the high dosed pond iri comparison to the control 
2 - 8 weeks after application. Also, Copepoda populations were slightly reduced 2 and 8 weeKs 
after application in this pond, but an increase in population densities was observed 1 and 4 
months after application. While the population dynamic~ of Rotatoria was similar between 
centro! and low dosed ponds, the high dosed pond showed distinctly higher abundances, 
especially 2 weelcs and 4 months afte'" application. Species div~rsity (Shannon-Weaver-Index 
of diversity and eveness of zooplankton communities) does not show any significant 
differences between treatments at any time of the study. The similarity index (Stander's Inuex) 
between high dosed a11d control pond is significantly reduced 4 weeks after application to 
about 0.6; the index increases thereafter to 0.9 after 2 months and decreases again to 0.8 at the 
end of the study. The comparison of the control and high dosed pond shows an even more 
reduced similarity of0.2, 2 weeks after app1ication. The index increases thereafter to 0.6 after 
1 m~nth and 0.9 for the rest of the study, although .he Rctatoria became more abundant in the 
high dosed pond at this time ofthe study. Overall, the findings indicate some clearly expressed 
effects from application of MDI on the zooplankton communities 2 - 8 weeks after application 
in the high dosed pond, whereas the low dosed pond shows no remarkable effects. Effects are 
considered as indirect, caused by the reduced pH in the high dosed pond water and the altered 
physico-chemical characteristics of the water with subsequent changes in phytoplankton 
communities. 

As the test substance was continuously transported onto other parts of the sediment in the high 
dosed pond, the benthic organisms ofthe "untreated" section were also severely affected . The 
populations of the most abundant organisms, the Oligochaeta (Tubificidae and Naididat!, 
segmented worms), Bivalvia (mussels) ar.d Diptt~ra (insect larvae), were nearly extinct already 
7 - 14 days after application. Organisms beneath the MDI layer starved as a result of physical 
obstructions or were affected by the lack of oxygen and toxic C02 concentrations in tbs 
microhabitat. The populations of Tubificidae, Naididae and Diptera recovered continuously 
thereafter and reached population densities similar to those of the other ponds approximately 2 
months after application. As the generation time of Bivalvia is far too long to repopulate the 
sediment within the test period of this study, these organisms were not detected anymore. 
Contrary, the mobile Gastropoda (water snails) were not affected by the treatment. The low 
dose of MDI did not affect benthic organisms ir. the untreated section of the sediment. 

The exposed fish (rainbow trout) were not affected by the application of the test substance at 
either rate. The abundance of Cladocera, the main natural food supply for the fish, was clearly 
reduced in the ,.,iqh dosed pond for the first weeks after application. As the fish were kept in 
cages they could not feed on other organisms in other parts of the pond ecosystem, e.g. insect 
larvae on the walls of the pend or on macrophytes. In consequence, the fish in the high dosed 
pond got less food than those of the other ponds, which was also very limited and which even 
caused some weight reduction to fish in the control. Therefore, the fish in the high dosed pond 
lost more weight than in the other ponds. Although some artificial fish food was added as soon 
as this problem was noticed, 3 fish in the high dosed pond could not recover and died 1 month 
after application of the test substance. They were replaced immediately by new ones. Due to 
the addition of fish food after the first month of the study, all fish showed a steady increase in 
weight and length thereafter, with no indication of differences between treatments. Overall, the 
exposed trout did not show any toxic symptoms or direct or indirect effects caused by the 
application of MDI except the temporary food shortage of the caged organisms in the high 
dosed pond. The lowest pH in the high dosed pond of about pH 6 did not cause lethality or 
apparent symptoms to fish, and all other water parameters are classified as normal. 
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Aquatic m~crophyte.., (Potamc;,geton crispus and Zannichel/ia palustris, · tater plants) grew 
better in the high dosed pond. Although their abundance was physically severely affected by 
the MDI layer on top of the sediment, the macrophyte biomass was clearly higher in this pond 
already 2 weeks after tht ''lplication. At the end of the study, the biomass of the harvested 
macrophytes was 57 % higher than in che control. In the low dosed pond 16 % mor~ 
macrophytes were harvested . This increase of biomass was apparently caused by the high 
concentration of carbon dioxide in these ponds which t ~anced macrophyte development 

In ~ummary, neither tht . plied · ')I nor its potential reaction product MDA was detected in 
water or accumulated by rish. Tf: MDI product applied to the ponds polymerized to inert 
polyurea on the sediment of th;! test pon j s. This polymerization formed carbon dioxide, 
released as bubbles which fl 1ted to the water surface. Some carbon dioxide was solubilized in 
water and reduced the water pH by 2.0 units as an average in the high dosed pond (10 gil) and 
0.7 in the low dosed pond (1 gil). This reduction and the increased macrophyte growth caused 
some other minor changes in the physico-chemical characteristics of the por.d water. Neither 
application rate caused any direct effect on the pelagic community (phytoplankton, 
zooplan,..:ton, fish, rr.acrophytes) of the test ponds. Some minor indirect effects caused by the 
productiOn of carbon dioxide were observed in phyto- and zooplankton corr_-nunity structures, 
as well as an increase of macrophyte growth. Organisms living in the sediment (macrobenthos) 
were affe-::ted as a result of physical obstructions in this habitat. These populations, however, 
recovered to densities comparable to the control after some weeks, except for Bivalvia the 
generation time ofwhich is too long to show recovery during the time period of this study. 
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1 AIM OF STUDY 

Experiments in ponds offer the chance to test the effects of chemical substances closely 
simulating natural ecosystems under controlled conditions. At the same time, the distribution 
and fa~e of the chemical substances in the system can be monitored. The results can be 
compared to the conclusions drawn from laboratory ~:per.ments . 

The objective of this study ,. · s tc avestigate effects of a simulated accidential pollution with 
MDI on the different trophic !eve \phytoplankton, zooplankton, macrobenthos, fish) . At the 
same time the fate and distributi<.,.t of the compound in the individual compartments (water 
body, sediment, fish) was monitored. In order to simulate the distribution on the uneven 
shaped bottoms of natural ponds, t!"te bottom sediment was only partly covered by the test 
substance. 

2 l\IA TERIALS AND METHODS 

2.1 Description of Experimental Ponds 

The model ponds used are three round containers made of stainless steel which are installed 
next to the Institute for En·lironmental Biology in the Pesticide Research Center of Bayer at 
Manheim (geographical position: 51 o 4 . N, 6° 55 . E). The diameter of the ronds is 2 m and the 
depth 1.8 m (Figures I and 2). The projected filling height amounts to 1.35 m (water onl;) 
which results in a working contents of 4.24 m3 water per pond. The pond surface is 3.14 m . 
The respective water level is read from a marking insicle the container. The model ponds are 
arranged in a triangle and connected with each other by locks, 30 em wide and 1.59 m high 
which provide almost identical conditions at the be3inning of the test. The !ocks end 5 em 
above the sediment in order to guarantee that they can be closed tightly despite the sediment 
being filled in. In each po::1d, a barrier made of stainless steel divide the sediment surface into 
two pans, each 1/2 of the total sediment surface. The barriers are inserted in a North to South 
direction. The barriers reach into the water for approximately 3 em to prevent the test 
compound, which was added to only one of these two parts, from flowing into the other pan. 

The locks are closed by pressing rubber hoses fixed to the edges of the doors, by means of air 
pressure, against the walls of the locks. If the normal compressed-air supp!y (central 
compressed-air from the building nearby) breaks down, separate compressed-air cylinders are 
connected automatically. 

The model ponds are dug into the ground to the upper 30 em. ~n order to provide conditions 
as close to nature as possible, the ponds are not roofed and are exposed to outdoor weather 
conditions. Insects can also immigrate to the ponds. 

As some of the applied test substance formed a hardened layer on part of the sediment in the 
treated ponds in this study, part of the sediment of the control rond was covered by stainless 
steel plates. Details are given in 2.5.1 . 
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Figure 1 : Top view on the 3 me del ponds with indication of the sampling positions and fish 
cages 
x = Sampling positions I - 6 for water, sediment and biological samples 
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~ Scht·matic cross section through two model ponds (about 4.2 m3 of volume each, 
watt·r depth: 1.35 rn. di~meter: 2 rn. sediment layer: 15 em) 
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2.2 Characterization of the Test Substllace 

The test substance was Desmodur 44 V 20 (4,4.-diphenylmethanediisocyanate and 
homologues, MDI; EC-No. 615/005/0 1/6). 

Production: Bayer AG, PU-P Ue2 
Batch-No.: 2014 
Density: 1.24 glcm3 
Viscosity: 225 mPa.s 
Description of the test substance: brown, viscous liquid 
Received: 02.04.1992 

Solubility in water: not soluble in water 
(polymerization to inert Polyurea by separating carbon dioxide) 

Characterization ofthe test substance according to analytical results : 
0.18% 2,2'-Diisocyanatoc··phenylmethane 
3. 00 % 2, 4 · -Diisocyanatodiphenylmethane 

43 .60% 4,4 '-Diisocyanatod:ohenylmethane 
1.30% 3-ring-homologues to l\1DI 

24.20% 3-ring-homologues to MDI (isomer) 
Balance 27.72% higher homologues 

According to the analytical findings, 
the test substance was released until: 0 1. 1 0 . 1992 

According to analytical findings, the test substance corresponded to the specification ofMDI. 

Nominal doses for the study: 

2.3 Experimental Procedure 

low dosed pond: 
high dosed pond : 

Start of study: 
End of study: 

May 13. 1992 
September 2, 1992 

Study director: 
Technician: 

Dr. Fred Heimbach 
Margret Grlf 

2.3.1 Responsibility of Residue Analysis 

Dr. Manfred Fus and Dr. Klaus Jaeger 
BAYERAG 
Central Research Depanment 
Analytical Section 
51368 Leverkusen, Gennany 

1 g l\1DIIl 
10 g l\1DIIl 
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2.3.1 Identification or Biological Samples 

The identification of all biological samples was perfonned by expens (Biologist) at a contract 
laboratory: 

aqua terra 
Institut fur angewandte Okologie e. V. 
WilhelmstraBe 3 5 A 
50996 Koln 
Gennany 

The following literature was used for species identification: 

Zooplankton: 
FLOSSNER ( 1972) 
HERBST (1962) 
HERBST ( 1976) 
KIEFER (1960) 
KIEFER ( 1978) 
KOSTE ( 1978) 
RUTTh'ER-KOLLISKO ( 1972) 
STREBLE & KRAUTER (1982) 

Ph~oplankton : 
ANAGNOSTIDIS & KOMAREK (1985) 
ANAGNOSTIDIS & KOMAREK (1986) 
ANAGNOS TID IS & KOMAREK ( 1988) 
ANAGNOSTIDIS & KOMAREK ( 1989) 
FOTT (1971) 
HEGEWALD (1982) 
HEGEWALD (1988) 
HUBER-PESTALOZZI (1938- 1983) 
HUSTEDT ( 1930) 
KRAMMER ( 1986) 
P ASCHER ( 19~ :! - 1991) 

The numbers of organisms were caiculated according to: 
SCHWOERBEL ( 1986) 
UTERMOID. ( 1958) 

Macrozoobenthos: 
BIRO (1988) 
BRINKHURST ( 1986) 
BRYCE HOBART (1972) 
CRANSTON (1982) 
ELLIOT, HUMPESCH & MACAN (1988) 
ELLIOT & MANN ( 1979) 
GOER, MEIER-BROOK & OSTERMANN ( 1987) 
STRESEMANN ( 1988) 
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2.4 Sampling and Other Work at the Ponds 

Dates and extent of samplir.g for residue analysis and biological examinations are given in 
Tables 1 - 2. Not all examinations were performed at all sampling dates. 

Table 1: Dates a'ld extent of sampling for residue analytical work 

Experimental Day Date Water Sediment Fish 
- 1 

0 (before application) 
1 
7 
14 
28 
56 

May 12, 1992 
May 13 
May 14 
May20 
May27 
June 10 
July 8 

M 
M 
M 
M 
M 
M 

M 

M 
6S 
M 
M 

112 September 2 M M M 

M = mixed sample (water: of the whole water column, sediment: of six samples of the 
untreated part, fish : all fish which were exposed during the whole study period) 
S = individual samples 

Table 2: Dates and extent of sampling for biological examinations 

Experimental Day D~te Zooplankton Phytoplankton Benthos*) Fish 
-56 March 18, '92 X 
- 1 May 12 6S X 

0 (before application) May 13 6S 2x6S 
7 May20 6S 2x6S 6S X 
14 May27 6S 2x6S 6S X 
28 June 10 6S 2x6S 6S X 
48 June 30 X 
56 July 8 6S 2x6S 6S X 
69 July 21 X 
91 August 12 X 
112 September 2 6S 2x6S 6S X 

X = the fish were weighed and measured 
s = individual samples 
*) 6 samples of sediment in th': untreated part of the sediment 
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2.5 Test Proce<lure 

2.5.1 Preparation of the Ponds 

2.5.1.1 Sediment and Wat·!r 

In December 1990 the model ponds were filled with sediment to .i level of about 17 em. The 
sediment originates f:om the Honninger Weih~r. a water body close to the "Oberbergisches 
Land" . The sediment was taken there after draining the pond by means of a track-laying tiigger, 
transported in conta!ners to Manheim and unifonnly distributed among the three model ponds. 
The Honninger Weiher, being abol.it 0.1 km2 in size, lies acout 4.5 km North-East of 
Wipperfurth (Rheinisch-Bergischer Kreis) and is fed by the bra JK Honninge. The pond can be 
characterized as oligo- to mesotrophic. It lies in a protected area and serves as a drinking water 
reservoir (Wupperverband). 

From May 1991 to October 1991, a study with a :terbicide, with a half life in water of only 
several days, was perfonned in these ponds. Two of these ponds had been treated with the 
herbicide, the third pond was left as control. After this study had been completed, the water 
and the upper layer of sediment in the treated ponds (ca. 2 em) were discarded and the 
remaining sediment was transported to barrels and the ponds thoroughly cleaned. This 
sediment was immediately mixed, evenly distributed into all three ponds and covered with the 
top layer of .:ontrol sediment, which had been also mixed before. After filling in the sediment, it 
was immediately covered with local ground water. 

In addition to the passive exchange of the water via the locks, some water was pumped from 
one pond to the next by a small electric pump for approximately 2 months before the start of 
the study (until May 12, 1992). 

Fifty six days before the study started (March 18, 1992}, each pond was additionally inoculated 
with a mixed sample of different natural species of zooplankton originating from other, similar 
ponds located nearby the test ponds. 

The sediment was characterized at the start and the end ofthe study. Details are given in 3.3. 

2.5.1.2 Fish 

On March 18, 1992 (day - 56) the ponds were stocked with 6 rainbow trout each 
(Oncorhynchus mykiss, RICHARDSON). The trout were obtained from a laboratory stock 
culture in the Institute of Environmental Biology. They were about 4 months old with a body 
length of about 8 em. Exposed fish which died during the study were replact:d by new ones of 
the same charge. These fish were kept in the laboratory during the study period; before they 
were inserted into the ponds they were acclimatized to physical and chemical conditions of the 
test ponds. In the ponds, the trout were caged to prevent predation pressure upon the 
zooplankton from being too high. The stainless steel cages were 20 x 30 x 42 em in ;;ize and 
the mesh size was 6 mm. They were suspended in the ponds at 6 different positions (Figure 1) 
at a water depth of30 to SO em. 
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Due to the exposure in cages, the fish received a decreased amount of zooplankton. In spite of 
periodical cleaning during the test, periphyton grew in th,. :ages (especially in the high dosed 
ponci}, less zooplankton moved into the cages and the fish had to be fed additionally with some 
commercial fish food pellets about once per week ("S. I. Pellets"). Nevenheless, some fish 
already starved before the addition of comme:-cial fish food staned. Details are given in the 
results (3 .4.8). 

2.5.1.3 Other Activities 

One day before the application of the test compound, the locks were closed and thus, the 
mode: ponds were separated from each other. The spaces in the locks between the ponds were 
pumped dry so thl't possible leaks could be recognised. 

A few times during the study (see Table 10) some ofthe rnacrophytes we1·e removed from the 
ponds as they might have impaired the biological sampling and also to avoid ut overw!lelming 
effect on the biocoenosis of the ponds. The dry weight of thP.~e rer.toved plants was measured; 
the data are given in this repon (see 3.4.9). 

2.5.2 Application of the Test Substance 

The test substance was added to two test ponds via a funnei through a hose directly on the 
sediment (nominal concentrations: 1 g/1 and 10 g/1, respecti' ·\!ly). The hose~ and vessels used 
for the application were weighed before and after the treatment. Based on the mea .ured gross 
and tare weight, the follo,ving act1.:.al applied dosages result: 

Low dosed pond: 4.27 kg I pond = 101 %of nominal 
High dosed pond: 46.05 leg/pond = 109% of nominal 

Due to the dt!nsity of the test substance, a rnore or less uniform layer on top of the sediment 
was formed by the test substance. 11'1 principle, the low dose formed a uniform layer of about 
0 . 22 em on top of the sediment surtace in i:he treated pan and the high dose a layer of 2. 3 7 em. 
As the sediment surface was not completely flat, the test substance was not evenly distributed 
on the sediment surface of the ponds. In th; low dosed pond, approximately 30 % of the 
sediment was covered in the treated section. In the high dosed pond, some test substance 
reached the untreated area of the sediment by passing above or under the barrier through some 
holes in the se~iment (although the barrier was approximately 12 em within the sediment on 
average). In consequence, at the end of the study about 90 % of the treated area of the 
sediments surface was covered by the test substance in the high dosed pond (59% of the final 
removed amount), and at least 60% in the untreated pan (41 %of the final removed amount). 

To simulate the cover of pan of the sediment by the MOl-layer in the treated ponds, three 
stainless steel plates each a seg.nent of a circle of 45°, were put into the control pond to cover 
the sediment. Three eights of the total sediment was covered by these plates in the control 
pond. This is slightly more than the MDI-cover in the low dosed pond (approximately 15 %), 
but slightly less than in the high dosed pond {approximately 75 %). 
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2.5.3 Collection and Processing of Samptes 

2.5.3.1 Sl'lmpling Positions 

Each pond had 6 predetermined sampling positions (Figure 1 ). In all ponds, the first sampling 
position was exactly in the South, the others followed clockwise at distances of 60° each. 
Numbers l, 3 anci 5 were a fix~d 5 - 10 em, and nos. 2, 4 and 6 about 50 em away from the 
edge of the ponds. 

St !)a rate tquipment was used for sampling each pond. The equipment was cleaned prior to 
W!'h~l utive sampiing . 

.J ~ . ? .l. Water 

Th~.: water samples for analysis were taken by means of a hose pump (Heidolph type R2R2, 
pump headpiece 52214 PK4). For this purpose, stainless steel tubes (diameter 9 mm) 
connected with the pump via silicone hoses, were dipped into the water at predetermined 
positions . After discarding the first half liter delivered, the water (5 I per sampling date) was 
pumped into brown glass bottles (2 bottles, 2.5 I each). To prevent the presence of small 
particles of MDI or its metabolites in the sampled water which floated on the water surface 
(compare 3.5.1), the water was filtered through a metal-gauze (1 mm mesh size) . The samples 
were transported to the analytical laboratories in Leverkusen immediately after sampling 
(except for samples taken on day 0 (pre-t.·eatment), which were kept cool in the darkness until 
day 1 ). 

2.5.3.3 Sediment 

Due to the physico-chemical characteristics of the substance (forming a viscous layer at the 
start of the study, and later hardened sheets on the sediment surface) it was not possible to get 
reproducible or analytically interpretable samples of the treated sediment. Therefore, the 
treated sediment was investigated for hardened substance particles with a stick on day 5 which 
was pressed down into the sediment by hand to get an impression of how much of the treated 
sediment was covered by the substance. l'.dditionally, when the ponds were emptied at the end 
of the study, the thickness and amount of the hardened substance lying as lumps or sheets on 
the sediment surface was determined. 

Sediment samples in the untreated part of the ponc.:s were taken by mE-ans of a grab according 
to MILBRINK (1971) (sampled sedimen surface: .!3 .8 m2) . These .unples were mixed and 
about 2 x 500 g were taken for analysis. 

2.5.3.4 Fish 

As only 11 small number of fish (rainbow trout, Oncorhynchus r.rykiss, RICHARDSON) could 
be exposed to achieve a natural relationship between fish and its prey and considering the low 
biomass of fish, analytical examination wu only performed at the end of the study. Only fish 
which were exposed during the whole study period were analyzed. 
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At certain intervals, the fish were removed from the cages, weighed and measured to 
investigate their hea!th and growth. Moreover, they were regularly observed for abnormal 
behaviour or other symptoms of intoxication. 

At the end of the study, the fish were killed ("rabbit-punch"), and later analyzed. 

2.5.3.5 Zooplankton 

From each pond one sample was taken at each of the six sampling positions. The samples were 
individually fixed in 70% ethanol. The sampling was done with a commercial water-proof 
vacttum cleaner (Fa. Elektrostar, Starmix Zyklon HG 81). The 120 em long suction tube 
(diameter 5 em) was immersed vertically from the water surface down to about 25 em above 
the sediment and pulled out again within about 3 seconds. During this time, approximately 7 I 
of water was pumped, 5 I of which were filtered £hrough a plankton screen of Fa. Kosmos 
(mesh size 56 Jlm). 

For the species determination, the zooplankton samples were preserved m glycerine and 
observed under a binocular or a transmission light microscope. 

The biological evaluation of the zooplankton, phytoplankton and benthos samples was 
performed according to GLP-regulations by "aqua terra" (see 2.3.2). 

The samples were evaluated microscopically in the laboratory by determining a;1d counting the 
individual organisms. As most of the samples showed a very high density of organisms, they 
were diluted for counting and three or six sub-samples were evaluated under a binocular. The 
larger zooplankters (> 1 mm) were counted in the undiluted sample. Not all organisms were 
deterrr.ined to the specie~ level, only the most abundant species and/or those which were fairly 
readily determinable were identified to this level. 

2.5.3.6 Phytoplankton 

The phytoplankton samples were obtained from the same watei samples as the zooplankton 
samples. Six individual unfiltered samples (about 1 I) were mixed with Lugol's solution, 
additionally about 90 m1 per unfiltered sample were fixed with formaldehyde (resulting in a 4 
% formaldehyde solution). 

For evaluation of these samples by "aqua terra" (2 .3.2), 50 m1 of the thoroughly shaken 
phytoplankton sample were later emptied into a sedimentation chamber for phytoplankton in 
the laboratory and allowed to stand for several houn:. The determination and counting of the 
cells were made by means of a reversed microscope. Depending upon the col"'centration of 
algae, th~ number of fields to count were chosen. 

2. 5. 3. 7 Macrobenthos 

Six samples of sediment of the untreated pan were taken by means of a grab according to 
MILBRINK (1971) (sample size approximately 23 .8 cm2). The samples were individually 
screened through a metal screen of 500 Jlm mesh size and the residue was fixed with 5% 
formaldehyde. Later, the organisms were selected from the preserved samples which were used 
for species identification and enumeration by "aqua terra" (2 .3.2). As some pan of the test 
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compound also reachea the untreated pan ofthe sediment in the high dosed pond, the samples 
in this pond contained a high amount of the test substance. This amount differed from sample 
tc sample drastically. As an average, a content cf 50% test substance in each screened sample 
should be considered. 

2.6 Detennination of the Physico-Chemkal Water Parameten 

In ord~r to determine the physico-chemical parameters and the chlorophyll content of the 
water, a mixed sample of the whole water column was taken by means of a water ladle 
(approximately 2.0 1). 

The following parcuneters were determined at an approximate 14 day interval: turbidity, 
conductivity, ammonium, nitrite, nitrate, phosphate, carbonate hardness and sum of alkaline 
earths. AJso, about every 2 weeks the COD (chemical oxygen demand), the BOD (biological 
oxygen demand) and the chlorophyll and phaeophytin content were determined. 

Carbonate hardness and sum of alkaline earths were determined by means of the Aquamerck 
Water Laboratory (Merck). For determination of conductivity, the measuring device LF 56 
with the measuring electrode L T A 100/k of the Fa. WTW (WISSENSCHAFTLICH
TECHNISCHE WERKST A TTEN, Weilheim, Germany) was used. Conductivity is expressed 
in f.lS/cm (= JtmhoS/cm). The BOD was determined over a period of 5 days with a BOD 
measuring device {WTW, BSB 600). The other parameters were determined by means of 
commercial photometric tests {WTW). Determination of chlorophyll a and phaeophytin (a 
metabolite of chlorophyll) was made in accordance with Nusch (DIN 3842 L 16 (DEY 1987)). 
For this purpose, Whatman GF/C glass fibre filters with a pore size of 1 f.Lm were used. During 
the 24 hour extraction period the samples were agitated. The final extinction measurement was 
made in a 1-ray photometer (type MPM 1500 ofWTW) at :1 wavelength of665 nm. 

During the first days after application, oxygen content, pH and temperature were measured 
two to three times a day and thereafter several times per week at about 15 em from the edge of 
the pond and 20 em and 100 em below the water surface. An electronic measuring instrument 
for the measurement of oxygen ofF a. WTW was used ( Oxi 191, electrode EOT 190 suitable 
for greater .vater depths, battery-driven stirrer BR 190). Simultaneous with the oxygen content 
determinations, the pH-value and temperature were determined (pH-meter of Fa. WTW (pH 
196 T) with armature TA-pH!f suitable for greater water depths). From day 2 to day 42 these 
parameters were measured above the treated and untreated sediment, and thereafter only one 
measurement in the area between these parts was taken. 

2. 7 Assessment of the Biomass of the Mncroohytn 

Several times during the study some of the macrophytes were removed by cutting off the plants 
near the sediment. As the macrophytes floated to the water surface, they were collected and 
their dry ~eight determined (se~ Table 10). This kind of sampling allows only a semi
quantitative comparison of the three ponds, but no quantitative statement on macrophyte 
density. At the end of the study, when the ponds were emptied, macrophytes were removed by 
hand from the sediment (some of them with roots) and dried before their biomass was 
determined by weighing. 
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2.8 Similaritity and Diversity Indices 

Statistical evaluation of the study data was perfonned by statistical ext-- ""ts at the Technical 
University of Aachen (see appendix IV for details): 

Dr. Hans-Toni Ratte and Udo Hommen 
Technical University of Aachen 
Biological/ Ecological Department 
Worringer Weg 1 
52056 Aachen 
Gennany 

Two different types of indices were used to compare the plankton community structure :n the 
anificial ponds: The "Shannon-Weaver-Diversity", a wt!l established and frequently used index 
(WASmNGTON 1984) calculated from the zooplankton and phytoplankton data; and, a 
randomized similarity analysis based on Stander's Similarity Index (JOHNSON & Mll..LIE 
1982, SMITH et al 1986) using the relative abundances of single species in the zooplankton 
and phytoplankton communities. Stander" s Similarity index provides infonnation on the degree 
of similarity of the zooplankton communities in ponds to be compared to each other. It is a 
randomized non-parametric test. In the case of the three test ponds, a set of (3 x 6) 18 samples 
from a sampling date provided sufficient data for this test (ENGELS & RATTE 1992). For 
every possil>le pairing of samples, the Stander's Index of similarity is calculated giving a 
"Within-Similarity (W)" for samples from the same pond and a "Between-Similarity (B)" for 
samples from different ponds. If the zooplankton communities of two samples compared are 
identical, the value obtained is 1, in any other case the value will be lower than 1. The relation 
of the mean "Between-Similarities (B)" to the mean "Within-~imilarities (W)" is called "L
value", and provides a measure of similarity between two ponds. Using a statistical procedure 
proposed by SMITH & MERCANTE (1989). confidence limits of the "L-value" can be 
calculated for each pair of ponds. L-values equal to 1 indicate comf!lunities in two ponds are 
identical . 

2.9 Analysis 

The analysis of all analytical samples (water, sediment and fish) was perfonned according to 
GLP-regulations in analytical laboratories (see 2.3. 1 ). The results are given as an appendix to 
this report . 

2.10 Filing 

All the raw data and the original of the report belonging to this study are filed in the GLP
archive of the Crop Protectioat Research Division (BAYER AG, Pflanzenschutzzentrum 
Monheim, building 6500). A reserve sample of the test substance is stored in the archives of 
Bayer AG, Central Research Department, Analytical Section (OAL), "GLP-Probenlager", 
building 0 13, 51368 Leverkusen, Gennany. 
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3 RESULTS AND DISCUSSION 

3.1 General Conditions and Meteorology 

3.1.1 Meteorological Conditions 

As the development of an aquatic system depends to a high degree on climatic parameters, 
records of mean daily air temperature, sunshine duration, wind speed and precipitation at the 
nearby experimental fann Laacherhof of the Bayer AG were used to characterize climatic 
conditions in 1992 (Figu:-es 3 and 4, Table 3). 

The application was performed on May 13, 1992. The data of the first eight days after the 
application are summarized in Table 3. The average air temperature in May was 15.9 °C, which 
is 2.6 °C higher than the previous 26 year mean. There was 45 % less precipitation (35 nun) 
and 37% more sunshine (252 hours) than nonnal. In June, the average temperature (17.7 °C) 
was only slightly higher compared to the previous 26 year mean (16.0 °C), precipitation (105 
nun) was higher (31 %), and 28 % longer sunshine duration (200 hours) than normal was 
recorded. Also in July, the temperature (19.4 °C) was higher than normal by 1.2 °C, the 
amount of precipitation (66 nun) was approximately 10 % lower and there was 29 % more 
sunshine (232 hours) than normal . In August, the mean temperature (19.7 °C) was 1.7 °C 
higher tha" usual, the sunshine duration (183 hours) was similar to the previous 26 year mean 
and the J.lfecipitation rate (104 nun) was notably higher than usual (52%). Mean temperatures 
in September ( 15 .1 °C) were similar to the 26 year mean, precipitation ( 49 nun) was 13 % 
lower than normal, and sunshine duration (155 hours) was 22% longer than normal. 

Generally, the climate was distinctly warmer and slightly dryer in the year 1992 than the 
previous two decades. 

Table 3: Climatic conditions during and shortly after application (average values) 

Date Experimental Temperature Sunshine Speed of Precipation 
Day (OC) Duration (h) Wind (r.un) 

(rnlsec) 
13.05.92 0 15.1 11 .5 1.1 0 
14.05.92 1 22.4 12.8 2.6 0 
15.05.92 2 24.0 13.3 1.3 0 
16.05.92 3 17.4 12.8 3.0 0 
17.05 .92 4 12.5 9.3 1.8 0 

,_ 05.92 5 16.8 11.5 L8 0.2 
! ;1 .05.92 6 18.5 13.5 3.0 0 
20.05 .92 7 18.9 13 .3 2.3 I 0 
21.05 .92 8 18.9 12.8 !.0 0 
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l.l.J. Water Levels in the Artifici~d Ponds 

The water levels in the ponds varied cluring the test period due to rainfall or evaporation (Table 
4 J. The trends wtre the same in the different ponds. 

Table 4 : Water level in test ponds (deviation from zero-leve. in em) 

Experimental Contn., pond Low dosed High dosed 
Day pond (1 ;) pond · 'g/1) 

c 0 0 
2 -0.5 -0.5 - r ' ·-
' - 2.0 -2 .0 -2 .0 
d -4.0 -4.0 

f-- ·· 
-4.0 

9 -4.0 -4.0 -4.0 
12 -4.0 -4.0 -4.0 
16 - S.O - 9.0 -7.0 
20 -6.0 - 7.5 -7.0 
22 - 5.0 - 7.0 -6.0 
27 0 - 1.0 0 
30 - 1.5 -3 .0 - 1.5 
33 -2.5 -4.0 -3 .0 
37 -4.0 -6.0 - 5.0 
47 -6.0 -8.0 - 6.C 
51 -7.0 - 8.0 - 7.C 
57 - 8.0 -9.5 - 8.C 
70 - 8.0 - 9.0 - 8.5 -
79 - 10.5 - 11. ~ - 11.0 
84 - 12.0 - 13 .0 - 11.5 
89 - 13 .0 - 14.0 - 13 .0 
104 - 11.0 - 12.0 - 11.0 
112 -9.0 - 10.0 -9.0 

3.2 Physico-chemical Water Parameten 

3.2.1 Temperature 

The temperature curves for the individual positions and ponds are presented in Figures 5 and 6. 
S, Jrtly after treatment, the water temperature:: near the surface increased from 12 to about 18 ° 
C (day 3), during the remaining study it fluctuated between 18 and 23 °C due to changing 
weather conditions. Near the sediment surface the temperature increased, after a short delay, 
frr m 12 °C to 17 °C, .. d showed distinct fluctuations during the test period from 17 °C to 23 
,.L Until approximatety day 30, the temperature. curves above the sediment indicated that 
during short periods of high subsurface temperature, a gradient of up to 4 °C existed between 
the water surface :.,d sediment surface. However, these differences existed only for short 
periods and stabie temperature stratification in the water column was not detected. In general, 
there was no temperature difference between the three pont' ··uing the entire study period. 
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3.2.2 Oxygen Concentration 

The oxygen concentrations (Figures 7 and B) varied between 9 and 22 mg/1 . These values 
indicate high productivity of the phytoplankton and macrophytes which result in concentrations 
well above the oxygen saturation at these temperatures (8 .4 - 9.2 mg/1). The relatively intense 
sunshine during the study period certainly contributed to this activity. During the pretreatment 
period and up to approximately day 25, the oxygen concentration in all test ponds 
corresponded very well . Thereafter, the oxygen concentrations in the treated ponds were 
higher than those in the control pond. In the low dosed pond, these difference became smaller 
after approximately day 60, and the oxygen concentrations of both ponds 'w.'ere similar at the 
end of the study. In contrast, oxygen concentrations in the high dosed pond were notably 
higher (by 5.0 mg/1 for an average after day 27) until the end of the study. This difference was 
caused by the high density of macrophytes in this pond (see 3.4.9) . 
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During the first days of the study, oxygen concentration was measured several times per day 
(Table 5) . The data indicate a slight increase of oxygen concentration in the water during the 
daytime which was caused by the photosynthetic activity of the primary vroducers. As this 
activity depends on the weather conditions (especially temperature and sunshine intensity), the 
increase differs from day to day. Maximum oxygen concentrations were recorded about noon. 
Due to the reduced productivity during night time, oxygen concentrations were distinctly lower 
the following morning. This trend is slightly more distiuct in the deeper water than near '·e 
water surface. These trends were generally the same in alll:hree ponds. 
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Table 5: Daily development of oxygen concentrations (above the treated sediment) 

oxy~en concentrations (mWI) 
control pond lew dosed pond high dosed pond 

Experi- (1 gil) (10 gil) 
mental Time beneath above beneath above beneath above 
Day surface sediment surface sediment surface sediment 
2 08 :20 12.2 20.1 11.4 18.7 13 .1 17.9 
2 11:45 14.9 20.9 15.0 20.7 14.1 19.2 
2 16:10 13 .8 23 .5 12.9 20.1 12.4 21.3 
5 08 :15 16.7 17.3 15.1 15.3 15.4 16.1 
5 11 :45 16.9 17.8 14.7 16.2 14.8 16.7 
5 16:15 15.2 19.9 12.8 19.2 13.0 20.2 
6 08 :20 17.3 17.9 16.3 16.6 17.1 17.2 
6 16:40 17.1 19.0 14.7 18.5 15.5 20.1 
7 07 :45 16.4 18.5 15.2 15.5 16.6 16.8 
7 16:20 16.2 20.6 16.1 19.2 16.6 19.6 
8 08 :15 17.1 17.3 15.7 15 .9 16.4 16.5 
8 16:30 15 .1 18.9 13 .9 16.5 15 .2 17.4 
9 08 :15 16.4 17.0 15.0 16.0 15.6 15.9 
9 16:20 14.8 18.7 13 .5 16.6 13.4 17.2 
13 08 : !5 15 .6 16.3 14.5 16.2 13 .7 16.6 
13 16:15 14.5 17.4 14.7 17.4 13 .8 19.3 
14 08 :15 16.3 16.5 15 .9 16.0 16.8 16.8 
14 17:00 17.7 19.2 16.7 18.0 17.3 19.5 
16 08 :15 16.9 16.8 15.5 15 .6 16.3 16.8 
16 16:00 16.2 18.5 15.2 17.4 16.2 18.8 

3.2.3 pH 

Figure 9 and 1 0 snow the pH values during the pretreatment period and the study !)eriod, 
measured until day 42 at two different water depths above the region of sediment wr.~re the 
MDI was applied. Thereafter, pH was measured in the center of the ponds (i.e. in the area 
between the untreated and treated sediment). The results clearly show dose related pH 
differences caused by the application of rviDI. The pH of all three ponds corresponded very 
well up to day 2. Then the pH of the high dosed pond above the sediment declined rapidly 
within a few hours from pH 8.64 at 11:45 (day 2) to pH 7.82 (day 2) at 16:10 and pH 6.39 on 
da:' 5 (at 11 :45). After a slight delay, the pH beneath the water surface declined to 7.55 on day 
5. During the remaining study period the pH dropped to a pH between 6.0 and 6.5 above the 
sediment (with a minimum value of pH 5.7 on day 20, Figure 13) and to pH 6.5- 7.0 near the 
water surface. In the final period of the study the pH increased again to approximately pH 7.1 
in the high dosed pond, which was still distinctly lower than the pH in the control pond (pH 
8.7). Overall, the pH of the high dosed pond was approximately 2.0 units (after day 2) lower 
on average than in the control pond. The greatest difference between control and high dosed 
pond was recorded on day 12 (3 .5 units). 
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The pH of the low dosed pond was slightly low~r than in the control pond for the whole study. 
Just a very tew records show similar pH values in these two ponds. The greatest difference was 
measured on day 6 (1.4 units). This difference, however, was quite low, and on average after 
day 2 the pH in the low dosed pond was only 0.7 units lower than in the control pond. 
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Figure 9: Fluctuations of pH in the water beneath the water surface 
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With the exception of a very few records, the pH values were very similar above the sediment 
and below the water surface, indicating good mixing of the pond water. This was caused by the 
production of C02-bubbles from the applied MDI (see below) and by the natural exchange 
between water and air (e.g. as a result of wind). 

The pH was recorded at different locations in each pond during the first \\"eeks after 
apj>licati'Jn. It was recorded above that part of the sediment which was treated with MDI as 
w~il as above the untreated part. The results are given in Figures 11 - 13 . The data do not 
show any significant dif'"· ·rences bet· :n these locations, indicating thorough mixing of the 
pond water (as discusseJ ..-bove). 

The development of different pH trends in the three test ponds was caused by the fate of MDI 
in the treated ponds (see 3.5.1). During the polymerization of MDI at the water/MOl interface, 
carbon dioxide was produced. While some of the C02 formed bubbles which floated to the 
water surface, some was also solubilized in the water which increased the carbon acid 
concentration and resulted in a decline of the wat'!r pH. 
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3.2.4 Ammonium, Nitrite and Nitrate 

Nitrate is an important nutrient for phytoplankton and macrophyte growth. Under the aerobic 
conditions in this study, it was produced from ammonium and nitrite (ammonium -+ nitrite -+ 
nitrat). On the other hand, it was used by primary producers to build biomass. 

Ammonium concentrations (Figure 14) were low. They ranged between 0.02 to 0.39 mgll in all 
ponds. Until day 42 the concentrations showed similar fluctuations in all ponds (0.02 to 0.08 
mgll). Thereafter, slight differences between the ponds were observed. While ammonium 
concentrations in the high dosed pond remained within this range (0.05 mgll), the 
concentrations in the low dosed and control pond increased to approximately 0. 1 mg/1 (low 
dosed pond) and 0.15 mgll (control pond) with a maximum of0.39 mgll in the control pond on 
day 55 . 
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Nitrite concentrations (Figure 15) ranged between 0.007 and 0.149 mg/1 in all three ponds. 
Until day 21, nitrite concentrations of the 3 ponds corresponded well. Thereafter, the 
concentrations in the high dosed pond decreased to the lowest measured value (0.007 mgll on 
day Ill). In the low dosed pond the concentrations remain~ relatively constant, and in the 
control pond the concentrations increased slightly to a maximum concentration of 0.149 mgll 
on day 111. 

Nitrate concentrations (Figure 16) varied between 0.03 and S.l mg/1. Throughout the study the 
concentrations of nitrate in all three ponds decreased from approx;mately S mgll (day -28) to 
approximately 0.1 mg/1 . This decline wu caused by the produc'don of organic material by the 
primary producers which use nitrate u a nutrient. Under local climatic conditions, this 
production begins each year in April. The increasing number of phytoplankto" cells from days 
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0 to 20 (3 .4.2) and increasing macrophyte growth (3 .4.9) d~monstrates this turnover of 
nutrients. After day 42, slight differences between the test ponds were recorded which indic~te 
slightly higher productivity in the high dosed pond (i.e. lower nitrate concentrations in water) 
than in the control pond. Also the low dosed pond showed slightly lower nitrai:e concentrations 
than the control pond. 

The dose relationship to nitrate concentrations resulted in slight differences in ammonium and 
nitrite concentrations in the test ponds. Additionally, oxygen concentration was higher in 
treated ponds than in the control pond favouring nitrate formation which resulted in lower 
ammonium and nitrite concentrations in the treated ponds, especially the high dosed one. The 
results also show that natural nitrification was not disturbed by the test substance. 
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The water conductivity in the treated ponds increased by hydrolysis of calcium bicarbonate and 
other salts (Figure 19). Thus, carbon hardness, alkaline earths and conductivity increased in the 
treated ponds due to the dose dependent increase of carbon dioxide in water. 
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Figure 19: Conductivity in the test ponds 

3.2.6 Phosphate 

80 100 120 

Phosphate concentrations were determined until day 42 by a photometric test which allowed 
only a rough estimation within the concentration range of this study (Figure 20). Thereafter, a 
more suitable photometric test was used. The resu' s show only negligible differences between 
control and treated ponds which cannot be attributed to the application of MDI. The 
concentrations indicate a mesotrophic status of the test ponds. 
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Figure 21 : Chlorophyll a concentrations in the test ponds 
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Figyre 23 : Turbidity in the test ponds 

3.2.8 Chemical Oxygen Demand (COD) and Biological Oxygen Demand (BOD) 

The results of Figure 24 show that the COD fluctuated from 12 to approximately 30 mg/1 in all 
ponds throughout thl! study period. This corresponds to a natural COD range for ponds of this 
kind and no dose related effects were recognizable. 

The BOD (Figure 25) was detennind after a five day exposure period under constant 
laboratory conditions (constant darkness, 20 oq. As with previous studies conducted in these 
test ponds, the BOD was low (less or equal 5 mg/1). This range can also be considered natural 
for these ponds. Oniy one distinctly higher concentration was measured on day 27 in all ponds. 
This rr1ay be due to a greater amount of organic particles in the water, as the recorded turbidity 
on day 21 is clearly elevated (Fig: .! 73). On the other hand, as there is a 6-day gap between 
thes~ two finding!. and the BOD was "lGt detennined on day 21 , no further explanation for this 
peak of BOD on day 27 can be given. 
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Figure 24: COD (chemical oxygen demand) in the test ponds 
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3.3 Characterization of the Sediment 

The sediment was analysed for the parameters listed in Table 6 at the start and end of the 
study. The investigation was perfonned in the Institute of Environmental Biology and in a 
public research institute nearby (Landwirtschaftliche Untersuchungs- und Forschungsanstalt, 
5300 B.:>nn, Gennany) using broadly accepted methl'ds. At the start of the study, prior to 
treatment a sample composed of sediment from all three ponds was analyzed; and, at the end 
of the study, the untreated part of the sediment of each pond was collected and individually 
analyzed. Additionally, individual samples from each pond were analyzed for microbial activity. 
This analysis was also perfonned by measuring the production of microbial carbon dioxide in 
the samples at the end ofthe study. 

The exchange of biomass during the vegetation period (May to September) is believed to have 
caused the slight increase in sediment pH in the control pond. Based on the water pH findings, 
the sediment pH in the treated ponds was dose related lower compared to the control 
sediment. The decrease in pH was caused by the greater amount of C02 in treated ponds (see 
3.2.3). No substantial differences in phosphate (P205) or potassium (K) content were 
recognizee at the start of the study or between the ponds. Other basic ions (Na, Mg, and Ca), 
however, increased slightly in concentration compared to the initial value in the control pond. 
The concentrations in the treated ponds were considerably lower, especially in the high dosed 
pond. The reason fc. the differences compared to the control sediment result from the di. ::erent 
water chemical characteristics. In the treated ponds more ions were dissolved from the 
sediment resulting in a higher concentration of alkaline earths (3 .2.5). 

The cation exchange capacity confinns other results in the study. The "T-value" is the potential 
maximum quantity of cations which can be retained and released from the sediment, the "S
value" is the sum of exchangeable basic ions (Ca-. Mg-, K- and Na-ions) and the "V -value" is 
the percentage factor of the basic ions at the "T -value" . As the concentration of basic ions in 
the sediment of the treated ponds was lower than in control sediment, the "S-value" and "V
value" were lower comparl!d to the control. 

According to the regulation DIN (1973}, the particle size distribution of the sediment in this 
study is characterized as "silty sand". 

Microbial activity slightly increased in the control pond during the study, due to the exchange 
of biomass during the vegetation period. In the treated ponds, this increase was less 
pronounced, but is not considered to be caused by MDI because the high dosed pond 
demonstrated greater microbial activity than the low dosed pond. The data, howe .. ~r, must be 
interpreted with care, as only a very few samples were investigated. On the other hand, the 
data allow a rough characterization of the sediment status. 

The d3ta from the C- and N-content analyses must also be interpreted with care. While the C
content data do not show any dose related differencts between treatments (except a slight 
increase at the end of the study in comparison to the start of the study), the N-content was 
slightly higher at the end of the study in the high dosed sediment. Although the concentration 
difference between the ponds is small, it may have been caused by the presence of test 
substance or hydrolysis products in the sed;ment samples, even at the end of the study. 
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Table 6: Characterization of sediment at the stan and end ofthe study 

~ 

Parameter Stan of Study End ofStudv 
Control Pond 1 g/1 Pond 10 gil 

pH 5.9 6.5 6.1 5.9 
P20s (mgl100g) 16 17 17 16 
Na (mval) 0.26 0.42 0.32 0.33 
Mg (mval) 0.44 0.56 0.55 0.49 
Ca Jmval) 5.12 6.17 5.33 5.06 
K (mval) 0.09 0.10 0.10 0.10 
Cation S-value 5.91 7.25 6.28 5.97 
Exchange T-value 11.53 10.0 9.98 9.68 
Capacity V-value 51 .26 72.8 63 .0 61.6 
C-content %} 2.28 2.85 2.50 2.65 
N-content (%} 0.12 0.08 0.12 0.15 
Particle si7.e sand 52" n.a. n.a. n.a. I distril:>ution silt 44 .8 n.a. n.a. n.a. 
(weight%) clay 2.5 n.a. n.a. n.a. 
Microbial Acti.vity day -1 18 20 19 
(mg_ CO?Ih•kg sed.) day 112 57 31 40 

n.a. = not analyzed 
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3.4 Biological Res•llts 

3.4.1 Observations during Application 

No acute e1 ~s from the MDI treatment were observed on fish. water fleas or other 
invertebrates during the first days after treatment in each pond. Also, the carbon dioxide gas 
bubbles floating from the sediment to the water surface did not seem to harm any of these 
organisms. 

3.4.2 Phytoplankton 

Phytoplankton density ranged between 80 to 800 cells/mi. Density fluctuations show the same 
tendency in C:L.I three ponds (Figure 26). After a peak on day 14 (control and low dosed pond) 
and day 28 (high dosed pond}, the algae density decreased to 80 - 170 cells/ml on day 112. 
The highest density was determined in the low dosed pond (808 cells/ml on day 14 ), while 
peaks in the control (day 14) and high dosed pond (day 28) were similar at about 600 cells/mi. 
This shows that the treatment did not affect the sum of algae cells in comparison to the contrC'I 
with the exception of slightly higher celi numbers in the treated ponds for the period of 
approximately day 20 - 40. Nevertheless, a slight dose dependent increase in cell numbers of 
Cryphtophyceae on day 28 could be interpreted in all three ponds (Figure 27). However, at the 
next sampling, on day 56, the high dosed pond demonstrated a distinctly lower number of 
Cr)'l:htophyceae and a distincly greater number of Chlorophyceae (Figure 29) in comparison to 
the control and low dosed pond. 

Comparison of the curves plotted in Figure 27, 28 and 29 shows that generally species of the 
orders Cryptophyceae anc! Conjugatophyceae comprised a major fraction of the phytoplankton 
community in the ponds. While these two groups developed similarly in the control and low 
dosed pond, this same trend was not observed in the high dosed pond (as already indicated). In 
tllis pond the Crypthophyceae population decreased until day 56, at the same time at which a 
peak was observed in the other two ponds. The population of the Chlorophyceae increased to 
a maximum of about 100 cells/:nl in the high dosed pond also at this same time, while in the 
other two ponds cc.lls of this organisms group were basically not existent (Figure 29). 
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Figure 28 : Fluctuations of density of Conjugatophyceae in the test ponds 
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3.4.3 Comparison of Phytoplankton Communities 

3.4 .3.1 Total Number ofPhytoplankton Species and Shannon-Weaver-Diversity 

Throughout the study period, a total of 53 phytoplankton species were identified in the 
artificial ponds (although not all individuals were identified to the species level), comprising six 
major taxonomic groups: Cyanophyceae (at least 2 species), Diatomeae (20 species), 
Euglenophyceae (5 species), Cryptophyceae (4 species), Chlorophyceae (15 species) and 
Conjugatophyceae (7 species) . 

The total number of species in each pond were: 

control 
1 gil (low dose) 
1 0 gil (high dose) 

at least 48 spectes 
at least 4 7 species 
at least 43 species 

Of these species, however, the majority occurred only in low numbers on a few sampling dates. 
The population dynamics of the three main groups - Cryptophyceae, Chlorophyceae and 
Conjugatophyceae - are presented in Figures 27 to 29. All raw data of phytoplankton 
organisms are listed in appendix Ill. 

Figures 30- 32 indicllte the species composition ofthe te3t ponds. While the compostion of the 
control and low dosed pond was similar for the whole study period, the high dosed pond 
showed increasing differences after about 1 month following application. This can also be seen 
by the similarity index (as discussed in 3.4.3.2). 

Although the number of species corresponded in the three ponds up to day 14, slight 
differences were observed in the fluctuations of taxonomic richness throughout the remaining 
study (Figure 33). After a minimum on day 56, the number of species increased in the control, 
while remaining at this level in the low dosed pond until day 112. In the high dosed pond the 
taxonomic richness decreased continuollsly fTom a maximum on day 28 to the end of the study. 
These differences cannot be interpreted as a test substance effect, as they represent natural 
fluctuations between the test ponds. 

Observed fluctuations of Shannon-Weaver diversity inde"( and eveness (Figures 34 and 35) in 
the test ponds are generally consistent between control ar ;i dosed ponds during the study, with 
the exception ofthe last sampltng date (day 112). The high dosed pond distincly shows higher 
diversity at these sampling dates than the other ponds, although no dose-effect relationship is 
given. Earlier studies performed in these ponds with no application of a chemical demonstrated 
similar bio-::oenosis develCJpment for 8 - 10 weeks following separation and distinct differences 
the;eafter (HEIMBACH et al . 1992; HEIMBACH 1993; HEIMBACH et al. 1993). The 
findings in this study, therefore, should not be over-interpreted. On the other hand, the 
different physico-chemical propenies of the water in the study which is reponed here caused 
different composition of orgarusms in the ponds but did obviously not affect the species 
diversity. 
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3.4.3.2 Simuarity ofPhytoplan.r. n Communities (Stande:- . Index) 

The Stander's Index, combined with a statistical procedure proposed by Sl\tfiTH & 
MERC ANTE ( 1989), yields an L-value which is a statistical value quantifying the similarity 
between two ponds. Due to the method of calculation, the index allows a comparison of 
community structure between ponds which is considerably more differentiated and statistically 
sound (see also 2.8) than thf" Shannon-Wca~er-Incex of diver~ity for example L-values equal 
to 1 indicate total similari~ and are calculated wher. corrununjties in two ponds ar~ "identical" . 

Calculated similarity values of phytoplankton communities in CO!ltrol and the res)Jective data of 
the dosed ponds (Figure 36 and 37) indicate very similar ("id~mical' ' ) community structures 
during application and the next 4 weeks. Thereafter, similarity slowly declines to L-values of 
about 0.8 on day 56 below the statistical critical limits of 5 and 1 %. At the termination of the 
study, similarity between control and dosed ponds increas<. .. to L-values of 1.0 in the low 
dosed pond but stays constant in the high dosed pond. The figures prove that no short-term 
effect from the treatment ensued, but some long-term effects cannot be excluded. These long
term effects, which were only pronounced in the high dosed pond, were most likely caused by 
dif :renl species compostion in the ponds 1 to 3 months after treatment. Additionally, the 
similarity between trea ' ~d ponds (Figure 38) confirms a long-term effect in the high dose from 
MDI on the species composition of phytoplankton organisms. The comparable development of 
algae structure in the dosed ponds during the first 2 months reveals that differences of 
similarity between the high dosed pond and the other ponds at the end of the study might be a 
secondary effect related to MDI treatment. Nevertheless, it must be noted that earlier studies in 
these ponds demonstrateJ differences following an 8 - 10 week period after the ponds were 
separated despite lack of application of a test substance (HEIMBACH et al. 1992; 
HEL\ffiACH 1993, HEIMBACH et al.1993). As the species composition data (Figures 30 -
32) also reflects the similarity index findings, a treatment related effect from the high dose of 
MDI on the phytoplankton community 1 to 4 months after application can be implied. 
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3.4.4 Zooplankton 

The sum of zooplankton species (Figure ~9) shows about 100 to 200 organisms per litre 
throughout the study period, with an increase in numbers in the high dosed pond at the eitd of 
the study to about 900 individuals fl . 

A variety of 19 zooplankton species were identified in the ponds, although not all individuals 
were identified to a species level. The zooplank-ton in the test ponds comprised at least 8 
species of the order Cladocera (although juvenile organisms were not identified to species 
level), 3 species of Copepoda (although juvenile organisms were not identified to species 
level), and at least 8 species of Rotatoria; Ostracoda could not be identified to species level as 
only juveniles were detected. 

The total numher of zooplankton species in different test ponds were: 

control 
lg/1 
10 g/1 

at lea!)l. 15 species 
at least 18 species 
at least 17 species 

Some insect larvae (Chironomidae and Chaobon1s sp.) were also found in the zooplankton 
samples. Because only a few individuals were detected, these findings are considered 
accidental and are consequently not included in the following discussion. The population 
dynamics of the three main groups - Cladocera, Copepoda and Rotatoria - are presented in 
Figures 40, 41 and 42, respectively. All raw data of zooplankton organisms are listed in 
appendix III. 

Cladocera consisted mainly of juvenile stages, while some individuals of Daphnia /ongispina, 
Simocephalus vetulus, Chydon1s sphaericus and Daphnia magna were identified. The total 
number of Cladocera increased in all ponds to a maximum 1 to 2 weeks after application 
Uuvenile daphnids mainly) and decreased thereafter to about 20 to 40 individualsll in all ponds 
for the rest of the study (Figure 40). The Cladocera abundance was slightly reduced in the high 
dosed pond 2 - 8 weeks after application as compared to the control pond. No further 
differences between treatments can be recognised, although the low dosed pond shows the 
same tendency. 

Copepodite and their juvenile naupliae were the dominant Copepoda. During the most part of 
the study the density was consistent between both dosed ponds with some fluctuations and a 
peak in the high dosed pond on day 112 (Figure 41). At the termination of the study, copepod 
density in the treated ponds increased slightly with maximum numbers of naupliae in the high 
dosed pond. Control density mostly decreased in comparison to the treated ponds. 

Polyarthra remata, Keratel/a quadrata and Synchaeta sp. were the dominant rotifer species in 
the three ponds. Generally rotifer population densities were consistent between control and 
dosed ponds, with peaks on days 14 and 112 in the high dosed pond (Figure 42).These peaks 
were caused by the overwhelming abundance of Keratella quadrata and Polyarthra remata. 
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3.4.5 Comparison or 7.ooplankton Communities 

3.4.5.1 Total Number of Zooplankton Species and Shannon-Weaver-Diversity 

Zooplankton taxonomic richness ranged between 7 and 13 species identified on the different 
sampling dates (Figure 43). Taxonomic richness of the treated ponds was very similar during 
the study, it increased from 9 identified species on day 0 to 12 and 13 spf'cies, on day 28 and 
remained at about this level until the end of the study. The number of species in the control 
decreased to 7 on day 28, and remained at about this level until day 112, wh~n 9 species were 
identified. No apparent differences were observed between the ='1)nds during the study. Highest 
obc;erved taxonomic richness occurred in the low dosed pond on day 28. 

Species composition (Figures 44 - 46) shows similar trend~ in the control pond and the low 
dosed pond. Contrary, the high dosed pond shows greater abundance of Rotatona throughout 
the study, especially on days 14 and 56 -112 (see also Figure 42) . 

The Shannon-Weaver-Diversity Index (Figure 47) and the eveness (Figure 48) of the 
zooplankton communities are quite similar in all ponds at the start of the study. After a slight 
increase in the first two weeks following application in all ponds, the indices fluctuate slightly 
without any recognizable trend within or between treatments for the rest of the study. Overa!l, 
there is no indication of adverse effects from the treatment c zooplankton diversity. 
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Figure 43 : Fluctuations in the total number of zooplankton spec: :s in the test ponds 
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Figure 48: E veness of zooplankton communities in the test ponds 

3.4.5.2 Similarity of Zooplankton Communities (Stander's Index) 

F tiowing application, zooplankton similarity between control and low dosed pond (Figure 49) 
..1eclines slightly from about 1.0 to about 0.6 on day 28, which is well below the statistical 
significance levels of P = 1 and 5 %. Thereafter, similarity increases to 0.9 on day 56 
(equivalent to the statistical level of P = 1 %) and about 0.8 on day 112. Comparison of 
control and high dosed pond communities shows similar results (Figure 50). The calculated 
values indicate close similarity between communities of control and high dosed ponds during 
the first 1 to 2 weeks of the study. The similarity decreases thereafter to statistically 
significantly lower values of approximately 0.2, but reaches maxjmum numbers again of 
approximately 0.6 after about 1 month and approximately 0.9 after about 2 months (equivalent 
to the statistical level of P = 5 %) for the remajning study. In summary, both poncis show a 
decrease in similarity in comparison to the control pond after the first weelrs of the study only 
(Figure 51). The differences from the control pond are greater in the high dosed pond than in 
the low dosed one. After about 2 months, the similarity between all ponds is considered 
statistically significantly great, indicating no further direct or indirect long-term effects from 
application of MDI. 
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3.4.6 Macrobenthbs 

The sum of macrobenthos individuals (Figure 52) is about 10,000 to 30,000 organisms per m2, 
with a slight increase in r.umbers in all ponds throughout the study. As these results are mainly 
caused by the overwhelming abundance of Tubificidae (Figure 53), they cannot be solei:,· 
discussed. 

A variety of 7 macrobenthos species (Oligochaeta, Hirudinaea, Gastropoda, Bivalvia, 
Ephemeroptera and Diptera) were identified in the ponds, althl' IJgh not all individuals were 
identified to the species level. The macrobenthos in the test ponds comprised 2 species of 
Hirudinaea (Erpobdella octoculata, Helobdella stagnalis), 2 species of Gastropoda (Radix 
peregra, Gyraulus a/bus), 2 species of Bivalvia (Sphaerium sp., Pisidium sp. ), and 1 species of 
Ephemeroptera (Cioeon dipterom) . All other organisms (Tubificidae, Naididae, Ostracoda, 
Chaoberidae and Chironomidae) could not be identified to a species level. 

The total number of benthic species in different test ponds were (some of these species have 
not been identified to a species level) : 

control 
lg/1 
10 gil 

at least 11 species 
at least 13 species 
at least 11 species 

Some insect larvae (Chironomidae and Chaobon1s sp.) were also found in the zooplankton 
samples. Ber.ause only a few individuals could be detected in the zooplankton samples, these 
findings are considered accidental and therefore not included in the zooplankton discussion. 
The population dynamics of the 4 main groups of macrobenthos - Tubificidae, Naididae, 
Bivalvia and Diptera- are presented in Figures 53 - 56. ~~ raw data cf benthic organ:sms are 
listed in appendix III . Ostracoda findings are considered accidental in macrobenthos samples 
and are therefore not included in macrobenthos discussions. 

The majority of macrobenthos organisms were the Oligochaeta Tubificitiae (Figure 53) and 
Naididae (Figure 54), representing about 90 % of benthic organisms in all ponds (Figure 58 -
60). The total number of Oligochaeta in the control and low dosed ponds fluctuated around 
20,000 organisms I m2 Contrary, the numbers of these organisms decreased in the high dosed 
pond until day 7 to a low number of 280 individuals I m2 and increased slightly throughout the 
remaining study to numbers which were similar to the two other ponds. This decrease is 
attributed to the fact that a great ponion of the iest compound reached the untreated half of 
the pond sediment (see 2.5.3 .7 and 3.5.1), so that on average approximately 50 % of the 
samples consisted of test ~11bstance . The data presented in Figures 52 - 56 have not been 
changed accordingly. Nevenheless, the results indicate test substance related effects on the 
population abundance of ti1ese organisms. As the test substance polymerized during the first 
weeks of the study, forming C02-bubbles which floated to the water surface, ~me test 
substance was constantly being lifted from sediment surface, broken up and transponed to 
other areas ofthe sediment (3 .5.1). In consequence, the test substance was continuously being 
transponed to other pans of the sediment. This physical effect killed many sediment-dwelling 
organisms during the first weeks of the study. The postulated elevated C02-concentration at 
the sediment/wster interface may also have intensified this effect. The abundance of 
Oligochaeta increased after the first 1 - 2 weeks following application, demonstrating that 
these populations recovered very well, despite the presence of test substance in their habitat. 
As the polymerization process wu completed after some weeks foUowing application, a stable 
layer of hardened test substance covered part of the sediment. At this point the surviving 
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organisms built up population densitlt:S equal to that in the control pond. 

The abundance of Bivalvia (Figure 55) (Sphaerium sp. and Pisidium sp.) was similar only for 
the first 2 weeks of the study in the control and low dosed pond. The low dosed pond showed 
a slight decrease from day 7 to day 14 with an immediate increase th': : .after. As the control 
pond showed similar fluctuations throughout the study, a treatment related effect cannot be 
interpreted. However, there was a steady decline in organism numbers in the low dosed pond 
from day 28 to the end of ~he study. The data cannot be interpreted with regard to effects on 
these organisms as the natural fluctuation is far too high. In contrary, the high dosed pond 
showed a distinct decline in Bivalvia numbers during the first weeks after application and no 
recovery of the population thereafter. The decline was a direct physical effect. It may have 
been also indirectly caused by high C02-concentrations as discussed above 1or the 
Oligochaeta. However, because Bivalvia do not reproduce as quickly as Oligochaeta or 
Diptera (see below), the populations could not recover within the remaining weeks of the 
study. 

The Diptera (mainly Chironomidae and T anypodinae, me Chaoberidae and Orthocladiinae) 
sho\\ no population effects on density in the low dosed pond (Figure 56). For the same 
reasc- ; given above, the population densities of Diptera decreased drastically in the high dosed 
pond during the first week after application. Contrary to the Bivalvia, populations recovered 
after about 3 - 4 weeks and achieved numbers similar to the control and low dosed ponds after 
about · months. The generation time of these organisms is short, therefore accounting for the 
rebouna in por•Jlation density. 

Gastropoda could be identified very rarely in the sediment ~pies. Gastropoda are mobile 
organisms. They are able to move to those parts of the srdiment or pond walls which are not 
covered by the test substance. As they were found in all ponds at all parts of the study, 
treatment related effects are excluded. 
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Figure 53 : Fluctuations of population density ofTubificidae in the test ponds 
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3.4. 7 Comparison of Macrobenthos Communities 

3.4.7.1 Total Number ofMacrobenthos Species and Shannon-Weaver-Diversity 

Macrobenthos taxonomic richness ranged between 2 and 11 species on the different sampling 
dates (Figure 57). After a slight decrease in taxonomic richness in the control pond in the first 
month following application, the number of identified species increased slightly thereafter. 
While the low dosed pond showed a similar trend, the number of species in the high dosed 
pond were clearly lower 2 - 3 weeks after applicati0n, but increased steadily thereafter to 
similar numbers as in the other ponds. Except for this short-term reduction in the beginning of 
the study (as discussed in 3.4 .6}, no apparent differences were observed between the ponds 
during the study. Highest observed taxonomic richness occurred in the low dosed pond on day 
112. 

Species composition (Figures 58 - 60) shows similar trends in the control pond and the low 
dosed pond. Contrary, the high dosed pond shows a relatively high abundancy of Bivalvia 7 
days after application, although Bivalvia abundances were markedly reduced after 14 days. 

The Shannon-Weaver-Diversity Index (Figure 61) and the eveness of the macrobenthos 
communities (Figure 62) are quite similar in all ponds at the start of the study. After some 
fluctuations in the first weeks following application in all ponds, the indices remain quite 
constant with no recognizable trends within or between treatments for the remaining study. 
Overall, there is no indication of adverse effects from treatment on macrobenthos diversity. 
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Figure 62 : Eveness of macrobenthos communities in the test ponds 

3.4.7.2 Similarity ofMacrobenthos Communities (Stander's Index) 

Follcwing application, benthic similarity between control and low dosed ponds (Figure 63) do 
not show any treatment related effects for the whole study period (L-values well above 5 and 1 
%critical values). Comparison of control and high dosed pond communities, however, show a 
different picture (Figure 64). The calculated values decrease 7 and 28 days after application 
well below the critical limits, indicating biological differences between the benthic biocoenosis 
of these ponds. These findings represent the results of species composition as discussed earlier. 
The high dosed pond shows a decrease in similarity in comparison to the control pond for the 
first weeks of the study only. After about 2 months, the similarity between these ponds 
increases to L-values of approximately 1.0 indicating no further long-term effects from 
application of MDI. The similarity between the low and the high dosed ponds (Figure 65) 
confirms the statements on effects in the high dosed pond. 
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3.4.8 Fish 

To allow adaptation to the test conditions, each pond was stocked with 6 trout 56 days beforl! 
the treatment. The average body weight of the trout in each pond ranged between 6.6 to 6.8 g 
and the averag~ body length wls 8.7. em. 

The condition facto. of the test fish was calculated with the fonnular : 

condition factor = weight • I 00 I length3 . 

During the study, 3 fish died in the high dosed pond (between days 30 - 35). They were 
replaced by new fish of the same stock held under laboratory condition:; (see 2.5.1.2) on day 
40 This mortality was caused hy the limited food supply during the first weeks of the study. 
As the trout were i{ept in cages and a fiL.mentous film of green algae grew on top of the cages, 
the trout relied on a df"creasing number of zoopl:mkton organisms which could not move into 
th~ cages very easiiy. In consequence, the trout did not get enough food and lost weight 
(Figure 67). This effect was enhanced by the very low numbers of Cladocera in the high dosed 
pond 2 weeks after application which are the maiu food supply for the fish. In addition, the 
filamentot•s green algae on the cages in the high dosed pond built a more intensive film as in 
the other ponds, similar to macrophyte growth (3 4.9). Although fish were fed some artificial 
commercial fish food as soon as the problem was recognized on day 28, some fish in the high 
dosed pon did not recover and died a few days later. The reduced pH is not considered the 
cause of fis mortality, al: the pH was well above pH 5 wtuch is considered to be the toxic 
threshold for r&nbow trout. '" addition, all other fish recovered immediately after the addition 
of artificial fish food and showed a constant weight and length increase for the rest of the 
study, although pH remained quite low in the high dosed pond for about 4 more weeks (pH 6.1 
- 6.4 above the sediment). 
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In the low dosed pond, one fish was injured by mechanical handling on day 69 (determination 
ofbody length and weight). The fish did not recover and was found with symptoms on day 91 
and dead on day 93 . (It must be mentioned that fish condition could not be observed visually 
eve1 _ Jay in order to avoid high monality even in the control pond.) All other fish in the 3 
ponds did not show any symptoms or abnormal behaviour throughout the study. 

Figures 66 • 68 and Tables 7 - 9 show the average values of body length and weight and the 
condition factor of the test fish. For these calculations, those trout which replaced dead ones 
were not used. Therefore, the data are based on: !1 = 6 trout in the high dosed pond until day 
28 when 3 trout are used; n = 6 trout in the low dosed pond until day 69 when 5 trout are used 
(although the sixth fish was still alive on day 91 it was not considered for the mean values of 
this Jay, as the fish already showed notable symptoms); and, n = 6 trout for the whole study in 
the control. 

Due to the exposure in cages, the supply of natural food was considerably restricted. 
Therefore, the ·.veight and condition factor of all fish decreased continuously until day 28 
(rtgure 68) . While the body length of fish in the low dosed pond and control pond were very 
similar for the whole study, the fish of the high dosed pond were distinctly lighter than those of 
the control after day 20, caused by an even more reduced food supply in the high dosed pond 
(as di:;cussed above) . After addition of artificial fish food, the body weight of all fish increased 
steadily in all ponds, confinning the conclusion that the observed effects on fish in the high 
dosed pond were cause<1 secondarily and cannot be interpreted as a toxic effect from the test 
substance. Free swimming fish would not have shown these differences between treatments, as 
the f.sh would have been able to swim around to get enough food . 

Table 7 Average body length offish (em) 
(The corresponding numbers offish are given in 3.4.8.) 

Control Pond Pond 1g/l Pond 10 wl 
Ex peri men- Date mean standard mean standard mean standard 
tal Dav deviation deviation deviation 

-56 March 18, 1992 8.15 0.30 8.17 0.45 8.22 0.32 
- I May 12 8.82 0.45 8.67 0.45 8.95 0.53 

7 May 20 8.78 0.48 8.73 0.41 I 8.97 0.52 
14 May 27 8.82 0.48 8.73 0.41 8.85 0.50 
28 June 10 8.65 0.33 8.45 0.41 8.62 0.38 
48 June 30 8.98 0.50 8.52 0.41 8.80 0.66 
56 July 8 9.00 0.43 8.83 0.36 9.23 0.74 
69 July 21 9.15 0.48 9.00 0.47 9.17 0.45 
91 August 12 9.27 0.53 9.10 0.58 9.27 0.31 

112 September 2 9.42 0.47 9.40 0.82 9.20 0.42 
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Table 8: Average body weight of fish (g) 
(The corresponding numbers offish are given in 3.4.8.) 

Control Pond Pond 1g/J Pond 
Experimen- Date mean standard mean standard mean 
tal Day deviation deviation 

-56 March 18, 1992 6.57 1.28 6.67 1.21 6.75 
- 1 Mav 12 6.22 1.13 6.08 0.84 6.55 

7 Mav 20 6.00 1.11 5.80 0.98 6.28 
14 May27 5.65 1.08 5.37 0.65 5.55 
28 June 10 5.73 1.14 5.20 0.57 4.80 
48 June 30 7.20 1.52 5.73 0.66 5.30 
56 JulyS 7.45 1.43 6.52 0.86 5.80 
69 July 21 7.62 1.50 7.32 1.07 6.87 
91 August 12 8.48 1.55 8.18 1.55 7.63 

112 September 2 8.47 1.19 8.54 1.65 7.13 

Table 9· Average condition factor offish (condition factor= weight • 100 I length3) 
(The corresponding numbers of fish are given in 3. 4. 8.) 

Control Pond Pond 1g/l Pond 
Experimen- Date mean standard mean standard mean 
tal Day deviation deviation 

-56 March 18, 1992 1.21 0.17 1.21 0.09 1.21 
1 May 12 0.90 0.06 0.93 0.03 0.91 
7 May20 0.88 0.07 0.86 0.06 0.86 
14 May27 0.82 0.09 0.80 0.03 0.80 
28 June 10 0.88 0.09 0.86 0.07 0.74 
48 June 30 0.98 0.08 0.93 0.07 0.77 
56 July 8 1.01 0.07 0.94 C.09 0.74 
69 July 21 0.98 0.05 1.00 0.09 0.88 
91 August 12 1.06 0.06 1.08 0.04 0.96 

112 September 2 1.01 0.05 1.03 0.11 0.92 
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10g/l 
standard 
deviation 
0.97 
1.01 
1.37 
0.97 
1.02 
0.95 
0.89 
1.46 
0.72 
0.64 

10 g/1 
standard 
deviation 
0.06 
0.10 
0.06 
0.07 
0.08 
0.05 
0.08 
0.12 
0.06 
0.05 
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Figure 68: Average condition factor of trout in the test ponds 

3.4.9 Aquatic Macrophytes 

120 

The natt:ral sediment applied to the artificial ponds contained seeds, spores and winter buds of 
aquatic macrophytes. During the vegetation period only two species of submerged aquatic 
macrophytes were recorded, Zannichellia palustris and Potamogeton crispus, and these were 
the dominant aquatic macrophyte in the study. Due to missing banks, no emerging 
macrophytes colonized the ponds. 

From time to time the macrophytes were removed from the ponds and their biomass was 
determined (see 2.5.3.7) . As it was not possible to remove all macrophytes from a pond due to 
water turbidity, the biomass data (Table 10) cannot be considered quantitative in terms of 
macrophyte abundancy at each sampling event. Nevertheless, as the macrophytes were 
removed comparably carefully at each sampling date in all ponds, the determined biomasses of 
macrophytes allows a comparison of macrophytes abundance within and between ponds. 

The data in Table 10 prove that during the pretreatment period no differences between the 
ponds existed. During the first days following application no or very few macrophytes were 
observed in the high dosed pond, as t.1ey were depressed by the addition of the test substance 
on the sediment (3 .5.1). Thereafter, a dose related intensified growth of macrophytes was 
recorded in the treated pm.ds. In the high dosed pond up to 40 times more biomass was 
determined on day 44 in comparison to control pond. In addition, leaves and stalks of the 
macrophytes in the high dosed pond were thicker compared to the control. The reason for the 
considerable growth of macrophytes in the high dosed pond is the increased supp!y of carbon 
dioxide (see 3.2.3 and J .S.l), enabling a high primary production. 
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Table 10: Biomass of harvested macrophytes 

Biomass (dry weight in g) 
Experimental Date (1992) Control Pond 1 gil Pond 10 gil 
Dav 
-27 April 16 3.0 3.4 4.1 
-8 MayS 7.5 4.2 3.7 

9 May22 2.3 3.3 0 *) 
16 Ma_y29 0.8 6.0 11 .4 
20 June 2 1.2 4.0 10.1 
33 June 15 2.5 1.2 15 .0 
44 June 26 1.0 3.2 39.0 
76 July 28 13 .2 19.7 60 .0 

118 ••) September 8 600 685 850 

Sum 632 730 993 

•) not determined, as only one plant could be seen 
**)The plants were removed after the ponds ~''ere emptied, some of them with roots 
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3.5 Residue Analysis 

3.5.1 Fate of MDI in Test Ponds 

The analytical results of this study depend substantially on the chemical characteristics and fate 
of MDI in water. As discribed in section 2.2, the applied polymeric MDI product is not stable 
in water, but reacts with water to form polyureas and carbon dioxide with only traces of MD A. 
In this study, the test compound was added to the sediment surface of the treated ponds. Due 
to the high specific gravity and viscosity of the test compound, it fell ~irectly on top of the 
sediment in different areas of the pond, some parts were even covered by very soft sediment. 
As stated pn.viously (2 .5.2), approximately 30 % of the sediment of the treated section was 
covered in the low dosed pond (i.e. 15 % of the total sediment) at the end of the study. In the 
high dosed pond, about 90% ofthe treated half was covered (some MDI, 40% of ~e applied 
amount, even reached the part of the sediment which was intended to be kept untreated, see 
2.5.2) . 

In the presence of water, the applied isocyanate polymerized at the interface between the 
product and water, producing carbon dioxide g?.s bubbles which floated to the water surface. 
In natural water ecosystems gas bubbles ca. • always be observed; which are typically a 
combination of methane, oxygen and carbon dioxide which are not dissolved in water. In the 
high dosed pona in this study, however, notably more bubbles were recorded than occur in a 
natural ecosystem. Therefore, equipment was installed (a funnel attached to a bottle filled with 
pond water) to catch the bubbles in the high dosed and control ponds for 21 days (July 9 - 30, 
1992, i.e. days 57 - 78) . According to these findings, the bubbles in the high dosed pond 
contained 2 to 3 fold the C02 amount of the control pond. These data reveal a more 
proportional amount of non-dissolved carbon dioxide in the water of the high dosed pond than 
in the control pond. 

As some carbon dioxide was also produced beneath the MDI layer, large gas bubbles gathered 
which wert able to partly lift these layers. In consequence, the layers were fragmented into 
pieces of varying size. For the first 7 weeks of the study, this process continuously 
redistributed the test compound on the sediment surface. Smaller particles floated to the water 
surface, where some of them would sink down to the sediment again as a result of wheather 
conditions such as wind or rainfall. Other fragments formed larger particles due to the adhesive 
properties of the particle surface. With a few exceptions, the larger particles also sank down 
after several days. Nevertheless, some of them stuck to the walls of the ponds where they 
continuously polymerized. 

3.5.2 Residues in Water 

The applied substance was a commercial polymeric MDI product containing about 44 o/o 4,4'
MDI. with the balance being higher homologues and isomers. This product reacts with water 
to form polyureas, which are not soluble in water, and carbon dioxide with only traces ofMDA 
(4,4 '-diphenylmethane-diamine). Therefore, only MDA- and Mr~-~~nomers were analyzed in 
water in this study. 
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3.5.3 Residues in Sediment 

In each pond, a barrier made of stainless steel divided the sediment surface into two pans, each 
1/2 of the total sediment surface. The barriers reached into the water f0r several centimeters, to 
prevent the test compound, which was added to one of these two p&ts, from floY..ing into the 
other pan. Samples for analysis were only taken from the untreated pan. In spite of the barrier 
in the high doseJ pond, approximately 40% of the applied amount flowed into the "untreated" 
part; this observation was further proven at the end of the study after the ponds were emptied. 
Both pans of the pond were covered with a 1 to 2 em thick layer of the substance, in the 
treated pan it was an unifonn layer, in the untreated pan it consisted of smaller fragmented 
pieces. Hence, a great amount of the substance was detected in the sediment of the "untreated" 
pan (up to 21.5 g MDI/kg sediment, Table 14). On day 14, six individual sampies were taker. 
and analyzed in the high dosed pond, at all other 52mpling dates a mixture was taken and 
analyzed twice (sample I and II). The results of the individual samples on day 14 indicat~ a 
wide variation in content of MDI (from 0.5 to 21.5 glkg). This variation is a reflection of the 
different thict.-nesses of the MDI-layer and its incongruous distribution in the untreated part of 
the pond. Therefore, a homogenous sampling of sediment was impossible. Nevertheless, the 
results indicate that 'MDI monomers were present in the sediment of this pond at relatively high 
concentrations. The concentrations steadily d~lined throughout the study (Table 14). 
Contrary, MDA was present only at very low concentrations in both treated ponds (Table 13). 

In the low dosed pond fragments as large as 15 x 15 em were found in the treated pan at the 
end of the study after the pond was emptied. In the untreated part, however, no particles were 
obsetved. According to the analy.ical results, MDA was not detected in this pond at any 
sampling date except for one analysis on sample day 7 (Table 13). Some monomer MDI, 
however, was analyzed in thes-: samples. The data indicate a wide variability between sampling 
d .. ~ es (Table 14). The highest concentration was analyzed on day 7 (mean v:llue of 7.6 mglkg) 
with decreasing concentrations thereafter: 3.2 mglkg on day 14, 1.4 mglkg on day 28, 1.2 
mglkg on day 56 and~ 0.7 mglkg on day 112. The MDI originated in the low dosed pond 
from panicles of the applied test substance which floated to the water surface and sank down 
onto the sediment of the untreated part, which is clearly demonstrated by the uneven 
distribution of MDI and MDA in the samples. 

Detailed descriptions of the analytical methods and all individual analytical data are given in the 
analytical report in appendix V. In pretests, a mean rate of recovery of 82 % was determined 
for MDI and 56 % for MDA. The reported results are corrected for these rates of recovery. 
The limits of detection are 0.89 mglkg (MDA) and 0.26 mglkg (MDI-monomer) . 
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Table 13 : Results of residue analysis ofMDA (4,4.-diphenylmethanediamine) in sediment 

MDA(mg/kg) 
Pond 1 g/1 Pond 10 g/1 

Experimen- Date mean 
tal Day values --
- 1 May 12, 1992 1: < 0.89 <0.9 1: < 0.89 

ll : < 0.89 0 : < 0.89 
7 May20 1: 22.9 ~ 11.9 1: 14.5 

II : < 0.89 ll : 60.5 
14 May27 1: < 0.89 < 0.9 1: < 0.89 

ll : < 0.89 ll: < 0.89 
28 June 10 1: < 0.89 < 0.9 1:. . 2.86 

ll : < 0.89 II : < 0.89 
56 July 8 1: < 0.89 < 0.9 1: < 0.89 

II : < 0.89 II : 3.75 
112 September 2 1: < 0.89 < 0.9 1: < 0.89 

ll : < 0.89 II : < 0.89 

Table 14: Results of residue analysis of the monomer MDI 
( 4,4 · -diphenylmethanediisocyanate) in sediment 

MDI(m~~) 
Pond 1 gil Pond 10gll 

Experimen- Date mean 
tal Day values 
- 1 May 12, 1992 1: < 0.26 < 0.3 1: < 0.26 

II : < 0.26 II : < 0.26 
7 May20 1: 13 .5 7.6 1: 10934 

II : 1.68 ll : 9422 
14 May 27 1: 0.47 3.2 1) 17793 

II : 5.87 2) 14960 
3) 10426 
4) 5262 
5) 21535 
6) 499 

28 June 10 1: 1.36 1.4 I: 4122 
II: 1.42 II : 4132 

56 July 8 1: 1.68 1.2 1: 1657 
II: 0.68 II : 2668 .. 

112 September 2 1: < 0.26 ~0. 7 1: 0.68 
1.! : 1.10 n: o.94 

mean values 

< 0.9 

37.5 

< 0.9 

~ 1.9 

~2 . 3 

< 0.9 

mean 
values 

< 0.3 

10200 

11700 

4130 

2160 

0.8 
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3.5.4 Residues in Fish 

Neither MDA nor MDI were found in the analysis of fish at the end of the study. The limits of 
detection are 1.45 mg MDA /kg fish and 0.51 mg monomer MDI /kg fish respectively (Table 
1 5). 

Table 15 : Results of residue analysis of:MDA (4,4'-diphenylmethanediamine) and the 
monomer MDI (4.4'-diphenylmethanediisocyanate) in fish 

MDA MDI 
Experimen- Date Pond 1 gil Pond 10gll Pond 1 gil Pond 10 gil 
tal Day i(mglkg) (mglkg) (mglkg) (mglkg) 
0 May 13, 1992 n.a. n.a. n.a. n.a. 
112 September 2 < 1.45 < 1.45 < 0.51 < 0.51 

n.a. = not analyzed 
The numbers "< .. .. mgll" indicate the limits of detection. 

3.5.5 Review or Residue Situation 

Pte monomer MDI ne potential reaction product MDA were not detected in water. The 
amounts ofMDA and MDI analytically detected in pond water were below the detection limit. 
Both compounds did not accumulate in fish . The applied MDI polymerized and formed a stable 
non-uniform lumpy iayer on the sediment surface of the ponds. At the end of the study, 
approximately 1 00 % of the applied substance was found in the sediment as hardened sheets of 
different sizes in the sediment. 
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Appendix 1: Quality Assurance Statement 

Referat GLP 

Quality Assurance Statement 

Report No.: HBF/Mt03 Study No.: E 413 0629-5 

Title of report: Biological effects and fate of Desmodur 44 V 20 (polymeric MDD in artificial ponds 
by simulating an accidental pollution 

The conduct of this study has been periodically inspected and this report has been audited by the 
Qualit} Assurance Unit. 'The dates of inspection are given below. 

uate of Protocol Inspection: i Date of Report to Management: i 

March 24, 1992 ! March 24, 1992 

! 
Date of Study Inspection: l Date of Report to Management: 

! 
i 

May 13, 1992 ! May 14, 1992 

June 10. 1992 
! 

June 11. 1992 I 
: 

September 2, 1992 i September 9, 1992 
! 

September 9, 1992 ! 
~ 

October 6, 1992 ! October 7, 1992 
i 

~ 
Date of Final Report Audit: ~ Date of Report to Management: 

June 22, 1993 ~ July 1, 1993 
~ 
! 
i 
! 

The results reported in this study have been checked on the basis of our current SOPs and to the best 
of our knowledge accurately reflect the raw data. 

~- ~ 
~.A, )<lCJ3 (H. Schenk) 

Date: 
Quality Assurance Unit. PF-S 
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Auswertung von 

Phytop 1 ankton, Zoop 1 ankton und Makrozoobenthos 
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FOr die R1cht1gke1t: 
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teiche 
·!:.L1 ~~2 I 2_Q.L1_ 

COECU = 
PSAAR = 

2. Oiatomeae: 

ACNOR = 
AM?SP : 
AULIT = 
CALBA = 
CYCME = 
CYMVE = 
DIELO = 
DHHE = 
DITEN = 
DIVUL = 
FRACR = 
GOMSP : 
NACUS = 
NAi'ER = 
NASU8 : 
NAS?C = 
NICAP : 
NIFON = 
N!LIN = 
~dSUA : 
PINM; = 
STANC = 
SYNAC = 
DIUNO = 

Coelosohaer1um kuetzingianum 
Pseudoanabaena articulata 

Actinocyclus normanii 
Amohora soec. 
Aulacoseira italica 
Caloneis bacillum 
Cvclotella menegheniana 
Cymbella ventricosa 
Oiatoma elongatum 
Qiatoma hiemale 
Oiatoma tenuis 
Diatoma vulgaris 
Fragilaria crotonensis 
Gomchonema soec. 
Navicula cusoidata 
Navicula peregrina 
Navicula subrhynchoceohala 
Navicula soec. 
Nitzschia cao1tellata 
N1tzscnia fonticola 
Nitschia linear1s 
Nitzschia subacicularis 
Pinnular1a mesole~ta 
Stauroneis anceos 
Svnedra acus 
Dia:omeen.ur.determiniert 

3. Eualenoonvceae: 

EUSFC : 
PHOSC : 
PHPLE = 
P~?YR : 
TRSPC : 

4. Crv~:oohvceae: 

CRERO : 
CR~AR = 
CHNOR : 
RHOLA : 

5. Chlorcohvceae: 
COLMI : 
COCF0 : 
DICPU = 
LAGGE : 
KIRSU : 
OOSPC : 
PLALA : 
SCARC : 
SCARM : 
SCART : 

Euglena SCEC. 
Phacus oscil1ans 
Phacus oleuronectes 
Phacus pvrum 
Trachelomonas soec. 

Cryptomonas erosa/ovata 
Cryptomonas Marssonii 
Chroomonas nordstedt1 
Rhodomonas ldcustris 

Coelastrum microoorum 
Coenococcus fotti1 
Oictyosohaerium pulchellum 
lagerheim1a genevans1s 
Kirchneriella suhcacitata 
Oocyst1s spec. 
Planctonema lauterborn11 
Scenedesmus arcuatus 
Scenedesmus armatus 
Scen~1esmus arthndesm 1 ~rm1s 



SCELL = Scenedesmur: ellioticus 
SCOBL = Scenedesmu . obliaus 
SCSE~ = Scenedesmus semoervirens 
TECAU = Tetraed. ·on cauda tum 
TEKOM = Tetrastrum komarekii 
CHLUN = Chlorophyceen, undeterm1n1ert 

6. Conjuqatoohvceae: 

CSEHR = Closterium ehrenberg i i 
CSLUN = Clostt!rlum lunula 
CSPRI = Closterium oritchardlanum 
CSPRO = Closterium pronum 
COLAE = Cosmarium laeve 
COM EN = Cosmarium meneghenii 
PSSSP = Pseudostaurastrum soec. 
CJUNO = Conjugatoohyceen . undetermin1ert 

CYANO = Summe der Cyanoohycea~ 
D!ATO = Sunvne der Diatomeae 
EUGLE = S:;mme der Euglenoph. yceae 
CRYPT = Summe der Cryptoohyceae 
CHLOR = Sunvne der Chloroohyceae 
CONJU = Summe der Conj ugatoohy·:eae 

ALG~N = Gesamtsumme der Alger. 
-...... :· ~ ... ·• 



P ouu• TAG COEIU ~w AC.OR AMPPS AU LIT CALIA CYc.E mve DIH!E orm OIVUL FUCI GOOP ucus USUI- IASPC 
A ttl05t2 0 a.o u 0.0 a.l 0.2 0.0 0.0 0.0 0.0 0. 0 0.0 a. o 0.0 0.' o. a a.a 
A 2 uam 0 a.o a.2 0.0 o.a 0.' to a.o 0. 0 o. a 0. 0 ~ . ' 0. 0 a.o 0.1 a. ' 0. 0 
A 1 uom 0 0.0 o.t 0. 0 a.o o.a a.' 0.0 0.0 0.0 0. 0 0. 2 0.0 0.0 0.' a.o 0. 0 
A 4 130512 0 0.0 u a.o 0.1 0.5 0.0 0. 0 0.0 a.o 0. 0 0. 0 0. 0 0.0 0. 4 0.0 0.0 
A 5 130592 ~ 0. 0 a.a a.o o. a 0.0 0.0 0.0 o .a 0.0 0. 0 0. 2 0. 0 0.0 o. a 0.0 0. 0 
A 61l0s.2 0 0.' a.a a.a o.a o.a 0.0 0.0 0.0 0. 0 0. 0 0.0 0. 0 a. a 0.2 0.1 0. 0 
A 12005t2 1 0.0 11.1 u o. a 20.1 0. 0 91.0 o.a u 0. 0 0. 0 u 0.0 o. a 0. 0 1.1 
A 2 2005t2 1 0.0 12.2 0. 5 o.a u 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 a.a 0. 0 a.o a. o 
A 1200m a. 5 ".! 1.t 0. 0 0.0 0. 0 0. 2 0.0 0. 0 0. 0 0. 0 u u 0.0 0. 0 0. 0 
A 4mm 0. 2 u 0. 0 a. o 1.2 0. 0 0.0 0. 0 o. a 0. 0 0. 0 0. 0 0. 0 a. o 0. 0 0. 0 
A 5 200512 0.0 1.1 u 0.0 2. 2 0. 0 3.1 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 o. a 0.0 0. 0 

6 200592 0. 0 1.1 2.0 0. 0 0.1 0. 0 0. ' 0. 0 0. 0 c. 0 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 
1210592 " 0. 0 21.1 1.3 0.0 0.0 0. 4 2.1 a. o 0.0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 
2210St2 14 0.0 ". 5 0. 4 0.0 0.1 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 0. 0 o. a 0.0 0. 0 0. 0 
1mm 14 l.' flU 0. 0 0. 0 5.6 0. 0 0.0 0. 0 c. 0 0. 0 0. 0 21.1 0. 0 o.a 0.0 0. 0 
4210m 14 0.0 IU 0.' 0. 0 u o.a a .1 o. a u 0. 0 0. 0 1.2 a. a o.a a. o 0.0 
5210592 14 0. 0 IU a.o o. a 0. 6 0. 5 ]. ' 0. 0 0. 0 0. 0 0.0 u 0. 0 u a.a 0. 0 
6210591 14 o.a l.2 O.t 0. 0 a. a 0. 0 t.l 0.0 0. 0 0. 0 0. 0 l.t o.a 0.0 0. 0 0. 0 

A t toom 28 0. 0 ll.l u 0.0 3.6 0.0 0.9 0. 0 0. 0 1.1 0. 0 1.6 0.0 0.0 0.0 0. 0 
2 100692 28 a. o t.t 0.0 0. 0 0.0 0. 0 0 .I a. a 0. 0 0. 0 0. 0 0 .] 0. 0 o.a 0. 0 0. 0 
1 toom 28 0. 2 1.4 0. 2 0.0 0.6 Q. 0 0.0 C.D 0. 0 0. 0 0. 0 u 0.0 o. a 0.0 0. 0 

A 4 toom 2S 0. 0 25 o.a 0. 0 a. o o.a 0 .I o. a 0. 0 0. 0 0. 5 0.1 0.0 0. 0 0. 0 0. 0 
A s toom 2! n. o u 0. 1 0. 0 0.0 0.0 1.9 0. 0 0. 0 0. 0 0. 0 0.' 0.0 o .a 0.0 0. 0 
A ' 1oom 21 0. 0 1.1 2.' 0. 0 0. 0 0. 0 1.1 0. 0 0. 0 0. 0 0. 0 0. 0 0.0 0.0 0.0 0. 0 
A ! :om 56 0. 0 0.0 2.5 0. 0 0.0 0.0 2.1 0. 0 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 0.0 0. 0 
A 2 80192 56 0.0 1.0 '.a 0. 0 0. 0 0. 0 21.4 0. 0 0. 0 0. 0 0. 0 0. 0 0.0 0.0 0.0 0. 0 

~-... ... "0 ··- . ...... A 3 lu191 56 0. 0 0.0 0.0 0. 0 0.0 0. 0 9.0 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 a.a 0.0 0. 0 
4 10192 56 0. 0 a.o 0.0 0. 0 0. 0 0. 0 12.1 0. 0 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 0.0 0. 0 
5 10192 56 0.0 0.0 0. 0 0. 0 0. 0 0. 0 10.2 0. 0 o. a 0. 0 0. 0 0. 0 0.0 o. a 0.0 0. 0 

A ' a om 5' 0. 0 0. G 2. 0 0. 0 0. 0 0. 0 11.4 0. 0 Q .0 0. 0 0. 0 0. 0 0.0 0. 0 0.0 0.0 
A ' 20912 112 0.0 0. 0 0.0 0. 0 0. 0 0. 0 u 0. 0 ". 0 0. 0 0. 0 0. 0 o.a a. a 0.1 0. 0 
A 2 20912 112 0.0 0. 0 0. 2 0. 0 ~. 1 0. 0 0. 4 0. 0 0. 0 0. 0 0. 0 0. 0 o.a u 0.0 0.' 
A l 2om 112 0.1 0.' 0 .l 0. 0 0. 0 0. 0 0. 2 0 ' 0. 0 0. 0 0. 0 0. 0 0.0 a.' 0.0 0 .] 
A 4 2om 112 0.0 0.0 0.0 0. Q 0.0 0. 0 1.1 u 0. 0 0. 0 0. 0 0. 0 0.0 0.0 0 .l 0.3 
A 5 20991 112 0. 1 0. 0 0. 4 0. 0 0. 0 0. 0 0.3 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 o.a 0.' 0. 0 
A ' 2om 112 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 2 o.a 0. 2 0. 0 



., :··~~ ~"\ :,1.<;.,··~~ 

Phytoplankton- Hode11te1che 
aqua terra 1992/203.1 

P OATUII TAG II CAP IIFOI IISUA SUIC SYIAC 
A 11305!2 0 0.0 0.2 0. 4 0. 0 0.0 
A 2 130512 0 0. 2 0.1 0. 4 0. 0 0.0 
A 31l0Si2 0 0.0 u 0. 4 0. 0 0.0 
A 4 130512 0 0. 0 0. 0 0. 1 a. o 0.0 
A 5 130592 a o.a D. 4 0.0 0.0 0.0 
l ' 130592 0 0.0 a.o 0. 3 0.0 0.0 
A 1 200592 1 0.0 0.0 u 0.0 0.0 

2 200512 1 0.0 0.0 0. 4 D. 0 0.0 
3 200512 1 0.0 0.0 0.1 0.0 0.0 

A 4 200512 1 0. 0 0. 0 0.0 0. 0 0.0 
A 5 200592 1 0. 0 0.0 0.0 0. 0 0.0 
A 6 200592 0.0 0. 0 0.1 0. 0 0.0 
A 1210592 14 0. 0 0.0 0' 1 0. 0 0.0 
A 2210592 14 0.0 0.0 0.0 0' 0 0. 0 
A 3210592 14 0' 0 0. 0 1.4 0. 0 0. 0 
A 4210512 14 0. 0 0.0 1. 0 0' 0 0. 0 
A s210m 14 0' 0 D. 0 0' 1 0. 0 0.0 
A 1210592 14 0.0 0.0 0. 8 0. 0 0. 0 
A 110~192 21 0. 0 0. 0 0.1 0' 0 0. 0 
A 2 100U2 21 0. G 0. 0 0. 4 0. 0 0' 0 
A 3 100U2 ~~ 0.0 u 0. 0 0. 0 0.0 
A 4 1001!2 21 0. 0 u 0. 0 0. 0 0.0 
A 5 100592 21 0. 0 0. 0 0. G 0. 0 0.3 
A I 1COU2 21 0. 0 0. 0 0' 0 0. 0 0. 0 
A 1 a om 51 0. 0 0 .0 0. 0 0' 0 0. 0 
A 2 10792 56 0' 0 u 0. 0 0. 0 0. 0 
A 3 1om 56 0. 0 u 0. II 0. 0 0. 0 
A 1019, 56 0' 0 0. 0 0. 0 0.0 0. 0 
A 101t2 51 0. 0 0.0 D. 0 0.0 0.0 

10112 51 0. 0 0 0 0.0 0. 0 0.0 
20992 l12 0. 0 0. 0 0.0 0. 0 0.0 
20112 112 0.0 0. 0 0.0 0. 0 0 '0 
zom 112 0 '0 0' 0 0.0 o.n 0.0 

A ' zom 112 0.0 0' 3 0.0 0' 0 o .a 
A 5 zom 112 0' 0 0. 3 0' 0 0. 0 0. 0 
A I 209!2 112 0. 0 0.1 0.0 0. 0 0' 0 

OIUIO EUSPC PHOSC 
0.2 0.0 2.8 
0.1 0.0 3. 5 
0. 2 0.1 1.2 
0. 0 0.0 4.1 
0.1 0.0 0.0 
0.0 0. 0 4.1 
o.c 0. 0 0.1 
0.0 0. 0 3. 1 
0. 0 0. 0 11.6 
0. 0 0.0 1U 
0. 0 0. 0 2.0 
0.0 0.0 1.2 
0.0 0. 0 1, 1 
0.0 0. 0 2' 4 
0.0 0. 0 u 
0.0 0. 0 0' 6 
0.0 0.0 1.0 
0.0 0. 0 1.0 
0' 0 0 '0 0' 4 
0. 0 0. 0 0' ' 
0. 0 0.0 0. 9 
0. 0 0.0 0 .I 
0 '0 0.0 1.9 
0. 0 0. 0 1.5 
0. 0 0.0 29 ' 1 
0. 0 0. 0 37 .4 
0 '0 0. 0 22.3 
0. c 0.0 11.0 
o.c 0. 0 0.0 
0.0 0. 0 4U 
0' 0 0. 0 1.0 
0. 0 0. 0 1.5 
0. 0 0. 0 u 
0. 0 0.0 u 
0.4 0. 0 0 .I 
0. 0 0. 0 0. 7 

PHPlE 'HPYR TRSPC CRERO CRRAR CHNOR RH~tA 

3.4 0. 0 0.0 u 1U 21.1 0.0 
O.l 0.0 0.0 0. 0 P.l 21.1 0. 0 
0.9 a. o G. 0 3.1 16.5 34.1 0. 0 
u 0.0 0. 0 0. 0 19.4 35 .' 0. 0 
0. 0 0.0 0. 0 u 19.5 40 .1 0.0 
1. 1 0. 0 0. 0 1.6 16 . t 62 .4 0.0 
0. 0 0.0 0.0 5. 2 23.7 TU u 
0.0 0. 0 0. 0 2.1 5.5 iU u 
0.1 1.2 0. 0 0. 2 1. 2 H.5 0. 0 
0. 0 u 0. 0 1.1 6.3 112.3 0. 0 
0. 0 0. 0 0.1 u JU 2U .1 u 
0.0 0. 0 0. 1 1.1 46.4 lOU 13 . 1 
0.0 0. 0 0. 4 0. 4 14.2 ,6 U 2 '0 
0' 0 0. 0 0. 0 1.1 1.1 15 3.2 u 
0. 0 0. 0 0. c 0' 0 25.1 su 0. 0 
0.0 0' 0 0 o.s u 7U 3.1 
0.0 0' 0 0. 0 10 .1 91.4 0.0 
0.0 0. 0 d 0. 0 13' 2 16U 1.9 
0.0 0' 0 0' 0 0' 1 2.4 158 ' 5 u 
0. 0 0. 0 0. 0 0. 0 3. 5 231.5 2.j 

0. 0 0' 0 0' 2 0' 0 u 251.4 0' 6 
0. c 0. 0 0' 4 0. 0 1.! W.l 1.0 
0.0 0.0 0' 0 0. 0 3. 5 213 .5 0.1 
0. 0 0' 0 0. 0 0. 2 u 270.3 0' 9 
0.0 0.0 0' 7 11.3 23 . t 160 ' 4 131.4 
0. 0 00 u 40.6 15 .2 2H.I 119.0 
0. 0 0. 0 1.2 22. 1 19 .0 149.1 11U 
0. 0 0. 0 0.0 30 .0 26.1 165.1 127 ' 5 

18.4 u 0. 0 24.2 23 .1 126 ' 1 110 .4 
u 0. 0 1.4 53 ' 8 30,2 163 .0 219 .2 
0. 0 0. 0 1. 0 0' 0 0. 3 71 ' 1 2.4 
0.0 0' 0 1.0 0. 0 c .0 au 1.3 
0.0 0 '0 0' 1 0' 0 0.0 63 ' 3 1.9 
0.0 0. 0 0' 5 OJ 0.1 54 .2 3. 1 
0' 2 0 .I 0' 4 0' 0 u iS .1 0. 4 
0.0 0.0 0. s 0' 0 0' 0 45 .3 1 2 



r p ~· !IJ~ lAG COL•I com OICPU LAGGE ocm PLALA s~m scm scm SCELL S~OH scm rmu !nOM CilLU~ 
A 11:0m D D. l D. D 0. 0 0. 0 0.0 0. I D. 0 0.1 0.0 D. 1 0.0 0. 2 0. D D.3 0. 0 
A 2 130512 0 G. 0 u D.O 0. 0 0.0 0. 0 0. 0 0. 1 0. D D. D D. 0 0. 0 D. D o. a D. 0 
A 3mm 0 u 0. 0 a. o 0. 0 0.0 0. 0 0. 0 0. D a. o 0. 0 0. 0 D. 0 D .0 0. D 0. 0 

1110512 D 0. 0 D. 0 D. D a. o D. 0 0. 0 0. 0 D. I c. 0 0. 0 0. 0 0. 0 u 0. 0 a. a 
I 1l05l1 0 0. 0 o. a o. a 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 0. I a. ' 0. 0 0. 0 0.0 

A ' 13om 0 0. 0 0. 0 0.1 0. 0 0.0 0.1 0.3 0. 0 0. 0 0. 0 0. 1 0. I 0. 0 0. 0 0 .l 
A 1mm 1 0. 0 Q. 0 3.1 D. 0 0.0 2. 5 a. o u l . 1 1.3 0. 0 I. 2 0. 0 II . 0 0. 0 

2 200591 1 0. 0 0. 0 u 0. 0 0. 0 0. 0 u a.D 0 . I 0. 0 0. 0 D. 0 0. 0 0. 2 0. 0 
3200592 0' 2 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0.0 0.9 l . 2 0. 0 0. 0 0. 0 0.' 0.0 
42QOB2 0 .I 0. 0 0.0 D. 0 0. 0 0.0 0. 0 0. 0 0. 0 1.1 0. 0 0. 5 0. 0 0. 0 0. 0 
I 200591 0. 0 0. 0 0. 0 0. 0 0. 0 0. D 0. 0 0.1 0.3 1.! 0. 0 D. 9 0. 0 0. 0 0. 0 
6200592 u 0. 0 0. 0 0. 0 0. 0 u 0.0 0. 0 0.1 2. 3 0.0 0. 0 0. 0 0. 0 0.0 
1210B2 u 0. 0 ~. 0 0. 0 D .1 0. D 0. 0 0. 0 2.0 1.3 0. 0 D. 0 0.1 0. 0 0. 0 0.0 

~ 2mm ! ' 0. 0 0. 0 0. 6 0. 0 0. 0 0. 0 0. 0 0. 0 0 .l 0. 0 0. 0 0. 0 0. 0 0. 2 0. 0 
J210m u 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 6.1 u Ji . 8 Q. 0 11.1 0. 0 a. o 0.0 
' 210192 u 0.3 0. 0 0. 0 0. 0 0. 0 0. 0 u 0. 0 0. 0 1.S 0. 0 0. 6 0. 0 0. 0 0. 0 

A 5210592 u 0. 2 0.1 0. 0 0. 0 0. 1 0. 0 0. 0 0.0 0. 0 u 0. 0 u 0. 0 a. o 0. 0 
A 6210592 u 0. 0 0. 0 1.1 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 0. 3 0. 0 0. 0 0.1 
A 1 1005l1 2a 0. 0 0. 0 u 0. 0 0. 0 0. 0 0.0 0. 0 0.0 0. 6 0. 0 0. 0 0.0 0.3 0.0 

2 100692 2! 0. Q u 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 u 0. 0 0. 0 0. i c. 0 0. 0 0.0 
J 100692 2! 0. 0 u 0. 0 0. 0 0. 0 u 0. 0 0. 0 u 0. 2 0. 0 u 0. 0 0. 0 0. 0 
' 100,12 2! c. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0 . l 0. 0 0. 0 0. 0 0. 0 0. 0 

A s ;Jam 2! 0. 0 c. 0 0.0 0 .l 0. 0 1.l 0.0 0. 0 0. 0 0. 0 0. 0 H 0. 0 0. 0 0. 0 
6 IO~UI 2! 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0 ' 0. 0 0. 0 0. 0 0. 0 0. 0 0. 2 
I !Hi1 55 0. 0 0. 0 0.1 0. 0 0. 0 0. 0 u 1.2 0. 0 0. 0 u 0. 0 0. 0 o. a 0.0 

~ 1 am1 5i 0. 0 u 0. 0 0. 0 0. 0 0. 0 0.0 5. 0 1.4 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 
~ ., ..... ~ . '' 

I J aoi91 Si 0. 0 0. 0 0.' 0.0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 1. 0 0. 0 0. 0 0.0 

' 10111 Si 0. 0 0. 0 0. 0 0. 0 0. 0 u o. a 0.8 0. 0 0. 4 0.0 0. 0 0. 0 0. 0 0. 0 
lllll Si 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 5 0. 0 u 0.0 0. 0 0. 0 0. 0 0. 0 

A 5 10191 5i 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 1. 2 0. 0 0. 6 0. 0 0. ' 0. 0 0. 0 0. 0 
2ullZ 112 u 0. n. o. a 0 . 0. 0 0.0 o. a 0.0 0.1 0. 2 0. 0 0. 0 0. 0 0. 0 0. 0 
2-H9~ 112 0. 0 0. 0 0. 2 ~ • I 0. 0 0. c 0. 0 0. 2 0. 0 u 0. 0 0. 0 0. 0 0. 0 0. 0 
l0il2 112 0. 0 0. I 0. 0 p c. 0 0. 0 0. 0 u 0. I 0. 2 0.0 0. 0 0. 0 0. 0 0. 0 
2~991 112 0. 0 0. Q 0. 0 0. 0 0. 0 0. 0 0. 0 0. 5 0. 2 1.2 0. 0 0. 0 0 . 0. 0 0. 0 
zom 112 0. 0 u 0. 0 0. 0 0. 0 0. 0 0. 0 o.a 0. 0 OJ 0. 0 0. 0 0. 0 0. 0 0.3 

~ i 1m~ 112 0. I 0. 0 D 3 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 5 0. 0 0. 0 0. 0 0. 0 u 



.. . -~ 

Phytoplankton- Hodellteiche 
aqua terra 1992/203.1 

P DAm TAG CSEHR CSLUI cmr CSPRO COLAE 
A 1 nom 0 2.1 0.0 o.a a. o 4.a 

2130592 0 2. 5 a.o 0.0 1.1 l.1 
3m5t2 0 u a. o 0. 0 0. 0 4.0 

A 4 130592 a 2. 0 0.0 0.0 0. 0 u 
A 5 130592 0 11.4 Q.O 0.0 0. 0 8. 5 
A 6 130592 a 5.5 0.0 0.0 0.0 u 
A 1 200592 1 93.6 0.0 13.3 0. 0 134.3 
A 2 200592 1 u 0.0 ~. 0 u 1.1 
A 3 200592 31.4 a.o 0. 0 0. 0 45.1 
A 4 20059{ 1.0 a. a 0. 0 0. 0 5 .I 
A 5 200592 10.8 0. 0 0 .) u 11.3 
A 6 2CJ511 6. 5 0. 0 0. 0 0. 0 u 
A 1 210592 14 49.1 a. 0 1.l 0. 0 49.3 
A 2 21059: u 0. 0 0.0 u 0. 0 9. 3 

COIIU 
l.C 
5. 2 
1.2 
1.0 

30.1 
IU 

411.1 
22 .l 

146.! 
26. 1 
42.8 
22.3 

161.1 
24.6 

3 270592 14 114.3 0. 0 1.4 0. 0 410.4 1241.1 
4210:92 u 19.9 0.0 a. 6 0. 0 12. 1 168. 1 

A 5210592 14 22.9 0.0 0. 2 0. 0 11.9 169 . 9 
A 6210592 u 10.9 a. a 0. 0 0. 0 16.5 80.6 
A 1 toom 28 5.1 0.0 0.0 0. 0 8.1 21.1 
A 2 1006l2 28 0. 5 0. 0 0.3 0. 0 1.5 14.1 
A 3 lOOm 2& 5.6 ~ . 0 1.1 D. 0 1.l 41.3 
A 4 tocm 21 0.4 o. a 0.0 0. 0 2.2 15.1 
~ 5 100692 28 1.9 0.0 a. o 0. 0 1 n 4U 

6 100592 28 1.5 0.0 0. 0 0. 0 0. 2 32.1 
1 10192 se 0. 0 0. 0 0.0 0. 0 0.0 0. 0 
2 10792 56 0. 0 0. 0 0. 0 0. 0 0. 6 0. 0 

A 3 10192 56 0.0 0. 0 u 0. 0 0. 0 0. 0 
A 4 10192 56 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 

5 10192 56 0.0 0. 0 0. 0 0. 0 0.0 0. n 
6 10192 56 0.0 0. 0 0.0 0. 0 u 0. 0 
1 20992 112 0. 0 0. 0 0. 0 0. 0 0.1 0.1 

A 2 20992 i~1 0. 5 0. 0 0. 0 0. 0 0.0 0. 2 
A 3 20992 112 0 .I 0.0 0.0 0.0 0. 0 0. 0 
A 4 2om 112 1.0 0. 0 0. 0 0. 0 0. 0 0. 3 
A 5 20992 112 0 .I 0. 0 0.1 0. 0 0. 1 0. 4 
A ' 20992 112 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 

CJUIO CYUO OIATO EUGLE CRYPT CHLOR CC:.JU ALGEN 
0. 0 0.2 1.1 u 43.1 0.9 14.1 65.3 
0. 3 O.l 2.1 u 46 .1 0.1 12.8 6U 
0. 0 0. I 1.l 8.2 IU 0. 0 16 .I au 
0.0 0.0 1.0 6.1 55.3 0.1 12.4 15.5 
a. 2 o.a 0.1 0.0 6U c. 5 so.a 115.9 
0. 0 0. I 0 .I 5 .I lo.t 1.0 3U 123.2 
0. 0 13.3 132 .I 0.1 111.0 22 .a 152.3 991.1 
a. o 12.2 1.l 3.1 lOU 1.2 31.0 151.4 
0. 2 11.6 1.1 13.5 51 . t 5.2 m.2 32 1 .2 
0. 0 6.1 1.2 IU 120.3 2.5 32.9 116 .1 
0. 0 u 1.3 2.3 294.4 3. 5 65.2 381.C 
0. 0 1.6 2.9 1.3 36U 3.0 31.1 410 .E 
0. 0 11.1 5. \ 1.5 116.4 u 202.1 48U 
0. 0 11.5 1.2 2. 4 161.0 1.1 39.! 223. \ 
0. 0 131.1 40.8 0.0 IOU su 1139.8 218U 
0. 0 11.6 3. 3 0. 6 IU !.9 200 .I 302.! 
0. 0 16.6 8 .I 1.1 101. 1 2. 4 204.9 335.! 
0. 0 u 6 .I 1.9 11U 1.8 108.0 m.~ 

0. 0 18.3 1.3 0. 4 16U 0. i 31.5 225.: 
0. 0 1.9 1.5 0. 4 2313 0 .I 11.0 258. ( 
0.0 u 2 .I 1.1 260.6 1.1 55.3 lJO. · 
0. 0 1. 5 \.6 1.1 150.5 0. 4 18. J 114.: 
0. 0 8.6 2.9 u 111.1 1.0 46.2 338. : 
u 1.1 3.1 I. 5 215.1 0. 2 ij .a 316. 
0. 0 0. 0 u ~0 . 4 333.0 2 .I 0. 0 310 . 
0. 0 1.0 23.4 31.1 480.1 u 0. 6 549. 
0. 0 0. 0 u 23.5 301.2 u 0. 0 341. 
0. 0 0. 0 12 . 1 18.0 350.3 2. 0 0. 0 312. 
0.0 0. 0 10.2 11.4 214.5 1.4 0. 0 JH. 
0. 0 0. 0 13.4 41.1 m.2 3.2 0. 0 590. 
0.0 0. 0 0.1 2. 0 19.1 1.0 0.1 84 . 
0. 0 0.0 1.0 2. 5 12.2 0 .I 0.1 11. 
0. 0 0.2 1.0 u &U 0 .I 0.1 u. 
0. 0 0. 0 2. 0 1.3 61.4 1.9 1.l 13 . 
0. 0 0. 1 1.5 1.4 tS. 5 1.2 1.4 101. 
0. 0 0. 0 u 1.5 46.5 0. 9 0. 0 49 . 



r P O.ITUM TAG COE~U PSUA me~ AM?PS mn CAL~A em: mv: orm orm D!VUL meR ccm um NASU3- I~S? C 
8 113CH2 0 0 0 0 a. a 0.0 0. 0 1.l 0. 0 0.0 o.a 0.0 0. 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 u 
I 2mm 0 0 0 0 0. 0 0.0 u 0 0 5 0. 0 0 0 0 G. 0 0 0 0 0 0 0 0.0 0 0 0 0. 0 0.1 a. o 0 0 Q 

i 3 1l05l2 0 0 0 0 l.1 O.i D. 0 0 0 0 0 ,] 2.1 0 0 0 0. 0 0 0 0 0 0 0 0 0! 0 0 0 u 0.0 0. 0 
8 ' 13J5l2 0 0 0 0 1.0 0 ,] 0.0 0 0 3 1. 5 0. 9 0. 0 0 0 0 0 0 0 0. 0 0. 0 0.1 u 0 0 0 u 
I s1l0m 0 0 0 u J 0 0 0 0 0 1.S c 0 0 6 0 0 0 0 0 0 0 0 0. 0 u 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 
8 •mm 0 0 0 1. 0 0 0 9 • 0 0 u 0 0 0 1.5 v. 0 0. 0 0. 0 0 0 0 0 0 0 0 0 0 0.] 0 0 0 0 0 Q 

! 1 2~0591 o. a 2U 5.6 u .0 1.1 u 11.2 o.n 0.0 0 0 0 0.0 u G. 0 0 0 0 0.0 0 0 c 
8 1 m:J2 0 0 0 1.0 0 ,] 0.0 O.l 0. G 0 0 8 0 0 0 u 0 0 0 0 0 0 0. Q 0 0 0 0. 0 0 0 0 0. 0 
8 110m2 0 0 0 2U u 0. 0 u 0 0 0 0 0 0 0.0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0. 0 0. 0 0. 0 
8 C200Si2 0 0 0 6 0 j 1.8 0 0 0 0.0 0 0 0 0. 0 0 0 0 0. 0 0 0 0 0. 0 0 0 0 0. 0 o. a 0.0 0 0 Q 

~ 5 20Giq1 0 0 0 u u 0 0 0 0.0 0 0 5 u 0 0 0 0 0 0 l.2 o. a 0 0 0 0. 0 0 0 0 0. 0 0. G 
9 'ms), 0 0 0 l.5 2 .] 0 0 0 o.c 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0. G 0. c 
8 1 210il1 u 0 0 0 1.1 0. 1 0. 0 0.0 0 0 0 0 0 0 0.0 0 0 0 0 0 0 a. a u 0 0 0 0 0 0 0 0 0 0 0 0 
8 1 Mill 14 0 0 0 u 0 0 6 0 0 0 Q.( 0 0 0 2 0 0 u u u 0 0 0 1.1 0. 0 0. 0 0 0 0 0. 0 
8 1 m:11 u 0 0 0 181.2 0 0 0 0 0 0 O.Q u 0. 0 0 0 0 0. 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 
a c 2rom 1' 0 0 0 !3.9 u 0 0 0 0 0 6 0 0 ' 1.4 0 0 0 0 0 0 9.2 0 0 0 0. 0 0. 0 0. 0 0. 0 0 0 0 
8 5 nm1 u 1.1 ' ).! 2.2 a. o 6.7 0. 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. G 0. 0 0.0 
3 '1i05i1 u 0 0 0 u 2.2 0 0 0 u 0. 0 0 0 0 0 0 0 u 0. 0 0 0 0 0 0 0 0.0 0. 0 0 0 0 u 
8 1 10CW 23 0 0 0 6 0 0 u 0 0 0 0.1 0 0 0 0.7 0. 0 0 0 0 0 0 0 0 0 0 0.1 q 0 0 0 0 0 0 0 0 0 
9 11GOOl1 H 0. 0 u 0 0 2 0 0 0 0. 0 u 2 0 1 0. 0 0.1 0 0 0 0 0 0 0. 9 . J 0. 0 0 0 0 0.0 
8 1 1o~m 23 u 0 0 0 u 0. 0 3.4 u 0.0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 u 0 2 0 0 0 u 
8 c 1oaw 1! 0.7 !1. 0 0 0 0 0 0 0 u Q 0 0 0 0 0 0 0 0 o.a 0. G 0 0 0 0. 0 u u 0 0 0 0 0 0 
a 5 10J6l1 23 0 s 10.1 0 0 0 0. 0 1. 9 0. 0 o.a u a. o u u.a 0. 0 0 0 0 0.3 0 0 0 0 0 0 
8 ' 10=5i1 H 0 0 0 u 0 0 0 0. 0 1.3 0 0 0 u 0 0 0 u u 0 0 0 0.0 u c 0 0 0 0 0 u 
a 1 a:m H 0 0 0 1.5 0 0 1 0 0 0 0 0 0 0 0 0 0 0 6 0. 0 0 0 0 u 0 0 0 0. 0 o. a 0. 0 0 0 0 u 

~-Mt.~'<i!l<,, 
! 1 am1 5i 0 0 0 u 0 0 0 0 0 0 o. a 0 0 0 0 0 6 0 0 0 0 0 0 u 0. 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 
~ l !~ 191 5i 0 0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 6 0 0 Q 0 0 0 0 0 0 0 0 0 u 0 0 0 0. 0 0 0 0 0 0 0 
3 IO!n I' .I 0 0 0 0.! 0 0 0 0 0 0 0.0 0 0 0 1.5 0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 Q 0 0 0 0 Q 

a am; so 0 0 0 1.4 0 0 1 0 0 0 0 0 0 0. 0 3.1 0 0 0 0.0 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0.0 0 0 0 
8 10111 5i 0. 0 1.1 0 0 0 0 0 0 0.0 u 0.1 0 0 0 0. 0 u 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 Q 

8 20~1! 111 u a. o 0.4 0 0 0 0 0 0 u 1.4 u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 
B 2~ii1 111 0 0 0 0 0 0 0. 0 0 0 0 O.Q 0.0 0 0 5 0. 0 0. 0 0 0 0 0 0 0. 0 0 0 0 0. 0 0.0 o: 

2Hi111~ 0 0 0 o. a 0 0 ' u 0 0 0 0 0 0 1. 1 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 
1m~ 111 0. 0 0. 0 0 0 0 c 0 0 0. Q 0 0 0 0 0 5 0. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 
Wl1111 0. 0 0 0 0 0 0 5 0.0 0 0 0 0 0 0 0 0 5 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u 
1om 111 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 1.0 0. 0 0 0 0 0. 5 0 0 0 0 0 0 0 0 0 0. 0 u 



I p W''• UG mA? I iF~~ USUA srm smc D!UID EUS?C PiiQS, PmE mn rmc em~ mAR me~ R~O LA 
I I 1305!1 0 o.a a.l a .a o. a 0.0 u o. a 1.2 a . ~ o. a 0. 0 3. 0 2U lU o. a 
8 2130B2 0 0.0 u 0. 0 0. 0 a.o 0. 0 u 5. 5 1.1 o. a u 1.0 2U au 0. 0 
8 Jmm 0 0. 0 a. o 1.0 0. s 0.0 0. 0 0. 0 u 0. 0 0. 0 u u IS. I 12U 1.! 
8 4 nom 0 0. : 0. 0 u 0. 0 0.0 0. 0 0. 0 u 0. 0 0. 0 0. 0 u 2U au 0. 0 
8 5 nom 0. 0 0. 0 u u 0.0 0. 2 0. c u 0.0 o. a J. 0 0. 2 IU 101.1 2.6 
8 ' uom 0. I 0. 0 0.3 0. 0 0.0 0. 0 0. 0 u 0.0 0. 0 0. 0 1. 0 11.3 12.5 0.0 
8 1 2oom 0. 0 0. 0 0. 0 0. 0 0.0 c. 0 0. 0 O.l 0. 0 0. 0 0. 0 1.4 40.6 llU u 
8 2mm 0. 0 D. 0 0. 0 0. 0 u 0. 0 0. 0 5. 5 0. g 0.0 0 1 0.7 43 .8 212.5 J.l 
8 l 20CW 0. 0 0. 0 u 0. 0 0.0 0. 0 0. 0 2 2 0. 0 0.0 0.0 0. 9 23.1 6i . 0 0. 0 
a •mm 0. 0 0. 0 1.1 0. 0 u 0 .l 0. 0 u 0. 0 0. 0 0. 0 u 6/.l !IU 0. 0 
B 5 200592 0. 0 0. 0 l . 2 0. 0 0.9 0. 0 0. 0 15 .7 0. 0 0. 5 0. 0 l. l 24.0 HU u 
! 6 200B2 0.4 0. 0 0. 4 0. 0 0.0 0. 0 0.0 11. I 0. 0 0. 0 0. 0 l l.l 4 I. 5 211 .6 0.0 
e I 270592 14 0. 0 0. 0 2.3 0. 0 0.0 0. 0 0. 0 !. 1 0. 0 0. 0 0. 0 0. 9 6.( 146 .5 0.5 
8 2210592 u 0. 0 0. 0 0. 5 0. 0 0.0 0. 0 0. G u 0. 0 0. 0 0. 0 0. 5 1.1 TU 2.6 
8 J2i0m 14 0. 0 u lu o 0. 0 0.0 0. 0 0. 0 2.2 u 0. 0 0. 0 c. 0 11. 8 9).] u 
8 4210m u 0. 0 0. 0 l.l u 0.0 0. 0 0. 0 6. I 0. 0 0. 0 0. 0 0. 6 1.8 112.0 11.1 
9 5210592 u 0. 0 u u 0.0 0.0 u 0. 0 3.3 0. 0 0.0 0. 0 0. 0 0. 0 25 .6 l . l 
~ 62TOB1 u 0. 0 0. 0 1.1 u 0.0 0. 0 0. 0 5.1 0.0 0. 0 0. 0 u 12.4 7U 1.1 
8 I 100m 2! 0. 0 0. 0 0. 4 0.0 0.2 0 • 0.0 1.2 0. 0 o. a 0 J 2.7 3. I llS .J II. I 
g 2 1oom 28 0. 0 0.0 0. 6 u. ~ G. O Q. 0 0.0 4.1 0. 0 0. 0 0. 0 1.5 u 2!U u 
6 l 100591 2! 0. 0 u u 0. 0 0.0 u u C.t 0.0 o. a u u 1. 1 IJU 0. 0 
8 I IOOS32 l! o.g 0. 0 2.6 u 0.0 0.7 u u 0.0 o. a c. a 0. 9 u uu 0. 0 
8 s 1oom 23 0. 0 O.l 1.2 c. 0 u u 0. 0 5.! 0.0 0. 0 u 3.2 IU lll.T 0. 0 
8 6 i00Sl2 21 0. 0 u 0. 9 0. 0 0.0 0. 0 0. 0 2.6 u u 0. 0 9.0 IU W .9 0. 0 
B !Gll1 H 0. Q 0. 0 0. 0 c. 0 0.0 0. 0 0. 0 IU 0. 0 0.0 1. 0 IO.S 11.7 JH.I 5i.1 
8 ao i92 56 0. 0 0. 0 0. 2 H u 0. 0 0. 0 l i .l 0. 0 0. 0 1.5 u 30 .7 JCU 2U 

'-' • ":' :· ·· ~ ·: ~ •: \,-\ • ! 10i11 so 0. 0 0. 0 0. 0 0. 0 0.0 u 0. 0 u 0. 0 u u u 21.0 2:u JU 
~ 1~79 1 5i 0. 0 0. 0 0. 0 u 0.0 0. 0 o. a 21.2 u 0. 0 2.3 u 21.0 31l.O 3!.1 
! 10 i92 Si 0. 0 u 0. 0 0. 0 0.0 0., 0.0 11 .1 0. 0 0. 0 0.7 u u lOU 4:. 4 

8 10192 Si 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 i.O u 0. 0 J. 5 2.1 IU 15U 23. s 
8 2om 112 0. 0 0.1 o. a 0. 0 0.0 u 0. 0 1.1 0. 5 0. 0 1.6 3.0 u I 41 .5 10 .4 
s 2om 112 0. 0 0. 0 0. 0 u 0.0 0. 0 0. 0 5. 8 0. 5 0. 0 1.0 u u ITU 15.4 
B 2om 112 0. 0 0. 0 c. 0 0. 0 0.0 u u S.i 0. 0 0. 0 1.3 0 . I u :JU g .7 
8 20992 112 0. 0 0.1 Q. 0 0.0 0.0 0 .l 0. 0 l.1 u 0. 0 1.1 1. 1 l.l US.l 25.6 
8 2m2 112 0. 0 0. 0 0. 0 0. Q 0.0 0. 0 0. 0 3.1 0. 2 0. 0 0. g u 2.5 45.9 2U 
e ~ 2~992 112 0. 0 0. 0 u 0. 0 0.0 0. 0 0. 0 u 0. 0 0. 0 0. 0 3 . I u W.2 2U 



r ~ DATUM TAG com cnm orm Lm~ oom PlAL' SCARe s~m scm sc:u SCOH scm rwu WOM mu.~ 
8 1 uam a a. a a. a a. a o. a a.o 0.1 0.0 a.o a. a 0. 0 0. 0 0.0 a .o u 0. 0 
I 2 130592 0 0.0 a. o 0. 0 0. 0 0. 0 u o. a 0. 0 a.a 0. 0 0.0 0.0 0. 0 0. 0 0.0 
3 31305i2 0 u 0. 0 0. 0 0. 0 0.0 0.1 0. 0 o.a 0. 0 0.1 0. 0 0. 0 0. 0 o. a 0.0 
8 • uom 0 0. 0 0.0 0. 0 0. 0 0.0 o.a 0. 0 a. 2 0. 2 0. Q 0.0 0. 0 0.0 0. 0 0. 0 
B 513CB1 0 o. a u 0. ( 0. 0 0.0 0. 0 2. 2 0.0 u 2.2 0. 0 1.1 u o. a 0.0 
8 i1JOB2 0 0. 0 u 0. 0 0. 0 0.0 0. 0 0.0 0.0 II. 0 o.s 0. 0 0.0 a. o 0. 0 0.0 
B 1mm 1 0. 0 0.0 0. 3 0. D D.O 1.1 0. 0 0. 0 ~ 9 u 0. 0 J.1 0. 0 0. 0 0.8 
a 2 200512 1 0. 0 0. 0 0. 0 D. 0 0.0 a. o 0. 0 0. 0 0. 0 0.1 0. 0 0. 0 a. o 0. 0 0.! 
8 3 200512 1 u 0.0 o.g 0. D 0.0 0. 0 0.0 3. 3 0. 0 2.2 0. 0 0. 0 0. 0 0.4 O.i 
B • 2~om T 0. 0 0. 0 0. 0 D. 0 u 0. 0 u 0. 0 0.0 1.6 0. 0 u 0. 0 D. 0 0 .I 
8 52UD:H 1 0.0 0. 0 0. 5 0. 0 0.3 0. 0 0. 0 u 0. 0 0.9 0. 0 0. 0 u 1.! 0. 0 
8 6 m: ll 0. 0 u D. 0 0. Q 0.0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 0. 0 0.0 
a 1 21 :m 14 0. 0 0. 0 0.1 0. 0 0. 0 0. 0 0. 5 0.0 0.1 1.0 0. 0 0. 4 0.0 0. 0 0. 0 
8 2 2 1~591 14 0. 2 0. 0 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 0.0 u 0. 0 0. 0 0. 0 0. 0 
B 3 2TU5i2 14 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 11.1 0.0 0. 0 0. 0 u 0. 0 0. 0 0.0 
B ( 2705~: 14 0. 0 0. 0 0.5 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 6 0. 0 0.8 0. 0 0. 0 0.0 
6 smm 14 0. 0 1.t u u 0.0 0. 0 0. 0 2.2 2.2 12 .2 0. 0 0. 0 0. 0 0. 0 0. 0 
B 6 210!91 14 0. 0 0. 0 0.1 0. 0 0.0 0. 0 0. 0 0. 2 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 " l 

8 1 1D~l!1 2! 0. 0 D. 0 0. 0 0. 0 0.0 J. 0 0. 0 D. 0 0. 0 0. 0 D. 0 D. D 0.0 0. 0 0. 2 
2 lliiliH 21 0. 0 0.0 0. 0 u 0.0 u 0.0 0.0 0. 0 0. 0 0. 0 0. D 0.! D. 0 0.4 
J 1Jm; 2! 0. 0 0. 0 0.! D. D D.D D. 2 0.0 D. 0 0. 0 a. o u u 0. 0 u D.O 
4 11JS l1 23 0.0 0. 0 0. D 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 D. 0 a. o 0. 0 0. 0 0. 0 
i 1•co; 1 2! 0. J 0. 0 0.3 u 0.0 1. 0 0.9 u 0. 0 0. 0 0. 0 D. Q Q. 0 D. Q 0. 6 
i1Wl1 2! 0.0 D. 0 0. 2 0. 0 u 0. 2 0.0 0. 0 0. 0 0. 2 0. 0 u D. 0 0. 0 0. 0 
1 a.::;: s; o.a 0. 0 c.o 0. D 0.0 0. J 0. 0 0. 0 0. 0 0. 0 D. 0 u 0. 0 0. 0 0.0 
2 !j 1l1 H Q. 0 u 0. 0 0. 0 0.0 0. D 0. 0 0.0 0. 0 0.0 0.0 0. 0 0. 0 0.2 0.0 

~'<t.'-~1fi..f'. ... , l ICTl! s: 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0.3 0. 0 u 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 
B S·l1i1 .o 0. 0 0. 0 0. 5 0. 0 0. 0 1.5 Q. 0 0.0 0.0 0. 0 0. 0 0. 0 0. 0 H 0.0 
! SJ: H so 0. 0 0. 0 0.1 0. 0 0.0 2.6 0. 0 0. 0 a. o 0. 0 0.0 0. 0 0. 0 0. 0 0.0 
8 em: so 0.0 0. 0 0. 2 0. 0 0.0 1.1 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0.0 
e 2m2 112 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 1.0 0. 0 0. 0 0.0 0. 0 0. 0 
s 20111 112 o.a 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 0.0 0.0 0. 0 0. 0 u 0. 0 0. 0 a. o 
8 2091 0. 0 0. 0 0. 0 u 0.0 0. J 0. 0 o.a 0. 0 0.1 0. 0 0. 0 0. 0 0. 0 a. o 
1 1mc ,, 0. 0 0. 0 a. s 0. 0 0. u 0. 0 o. a o.a 0. 0 OJ o. a 0. 0 o. a 0. 0 0. 2 

2~; ~: l ' 0. 0 0. 0 0. 0 u C.O 2.1 a. o 0.0 a. o 1.1 u 0. 5 0. 0 0. 0 0. 0 
2om 112 0. 0 o.s o. a 0. 0 0.0 0. 0 o. a o. a 0. 0 0. 0 a. o 0. 0 u a. o 0. 0 
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Phytoplankton- Modellteich~ 
aqua terra 1992/203.1 

P WUM UG em~ C~ltl~ cmr cmo CCLA£ 
t t30H2 0 u 0 0 0 D 0 0 0 0 D 50 3 
2 !JOSH 3.3 D. D D 0 0 D 0 0 3 0 8 
3 1305~2 25.0 0. D 0 0 6 D 0 0 tU 
4mm 2.4 u u 0 0 D 50 3 
5 tl0ii2 29.4 0 0 0 3 0 i 0 0 0 2U 
5mm 1.9 0. 0 0. ( u u 
1200m 4U D 0 0 u 0 0 0 JU 
220USH 2 0 ( 0 0 0 ~ 0 0 0 0 0 2 0 t 
3 2am~ l83 0 6 o. a 1i 0! u 129.4 
4 200i92 IU u c 0 0 0 0 0 6. I 
5 200i92 a:. 5 0 0 0 0.9 o. a IU 
62005i2 u 0 0 0 0.! 0 0 0 9 . I 
1210!92 " 21.3 0 0 0 0 0 1 0 0 0 10 0 0 
2 2i0592 u 6 0 9 0. 0 0 0 3 0 0 0 1.0 

com 
'0 3 
6 . I 
u 
1.5 

6:.8 
tU 

t t 1.5 
50 6 

m.t 
:u 

23 I. 0 
17.1 
9'l.5 
41.6 

J2iOB2 It 212.2 0 0 0 11.8 0 0 0 m.6 mu 
t110!92 u 21 .1 0 0 0 2 .I u 1. 5 129.3 
smm H W.2 0 0 0 3 i 0 t u 195 .1 93! . 1 
6 2i05l2 u 10 0 4 0. 0 0. 0 0 0 0 22.0 IU 
t tocm 2! t l. 5 0 0 0 t.J 0 0 0 2.9 &J.l 
2 1 em 28 11 .2 0 0 0 0 0 2 0 0 0 1.1 41.2 
l t0G~'l1 23 31.4 u C.t 2 .I t:.o 64.9 
t 10;Jil1 24 32 0 0 u u c 0 0 IU 9U 
s 10m2 15 11.6 0 0 0 1.2 0 0 0 I 3. I m.6 
6 tacm 2! u 0. 0 0' 2 0 0 0 II. I 6 j 0' 
I IJ191 Si 0 0 0 0 0, u u 0. I u 
2 10i91 56 1.3 c 0 0 c 0 0 0. 0 0 0 0 1.0 
3 1am 56 0,2 u. 0 0 0 Q 0 0 0 0.3 0 .I 

W92 Si 1.0 0 0 0 0 0 0 a. o 0.3 u 
8 10192 56 t.1 0 0 0 0. I 0 0 0 0 0 0 Q.Q 

8 am1 5i 0 0' 0. 0 0 0 0 0 0 0 a. o 0 0 0 
8 2H92 112 1.0 0 0 0 0 0 0 c 0 0 u u 
a 2om 112 0 0 0 ~. 0 0. 0 0 0 0 0 0 0 0 0 0 
8 mgz 112 0 0 0 0 0 0 0.0 u 0 0 0 0 0 0 
9 ' 20HZ 112 1.1 0 0 0 0 0 0 o. a a. o 0 0 Q 

~ 1QB2112 1.5 0 0 0 0.0 0 0 0 0 0 0 1.5 
8 1YB2 111 a. e 0 0 0 0.0 u 0 0 0 0 0 0 

cmo 
0 0 D 
0 0 0 
0 0 0 
0.0 
0.0 
0 0 D 
u 
0 0 0 
u 
0 0 0 
u 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0. 0 
0.0 
0 0 0 
u 
c 0 t 
0 0 0 
0 0 5 
0 0 0 
u 
0 0 0 
0 0 0 
0. 0 
0 0 0 
0 0 0 
0. 0 
u 
0 0 0 
0 0 0 
0 0 0 
0. 0 

cmo owo EUGL: C~Y?i CHLQR CO~JU A: 
D 0 D 1.9 t.2 113.! 0 0 t 15.4 t' 
0 0 D u 5.1 tal. 5 0 0 0 13 0 8 t 2 
3 .I 5.5 u HU 0.8 4U (0 
t.D 3.1 2 0 2 I I t.1 0 0' IS .I tl 
9.1 11.1 1.5 t lD. D 6 0 5 121.9 20 
2 0 0 u 3 0 9 IU D. 5 lU IJ 

2U 2U 0 .l m.2 9 0 2 196.8 48 
2 0 0 1.4 5.1 251.3 1.6 10.1 1l 

2U IU u 81.0 1.9 539 .1 n 
6 0 3 u 1.4 313.5 2.& 31.1 4: 
8.3 1U 16 0 2 1:6.3 u lll. 3 ec 
3.5 3.5 It. t l2U c 0 0 33.! l i: 
1.1 6.4 1.1 liU 2 0 1 130 0 9 

, .. 
. ·J. 

50 9 u 0 0 ( 8U 0. 2 5U 15 : 
112 .2 5o. a 2.2 115.5 2U 1846.5 m· 

13 0 9 11.9 6 0 1 132.1 2 0 0 161.4 l'' .. 
10 0 0 15.5 u 23.9 2i.S 1451.1 ts; . 
9.3 1.1 5.1 91.6 0 .I t 12. I 21 ' 
6 0 0 3 0 5 1. 2 J:l.2 u 81.0 u: 
l . 6 u u 2l i 0 6 D.3 s: 0 i j;; 
0 0 0 6 .I u 15U u 115.4 1 i: 

12 .I 9.1 u ! =~ 0 2 0. 0 Iii . 4 31: 
10 0 8 u :.a 3::.5 4.1 m.t 62~ 

u 3 0 2 u m.• 0.8 8i . I li: 
1.8 Q .I IU '10 . 3 0 0 3 0. I u ; 
0.1 0.1 11.2 ~i 1.9 0 0 2 2 0 3 33 : 
0 0 0 0 0 5 IU 319.4 0.3 1.1 F 
0 .I 1.5 13.5 4 iO. 0 2 0 0 1.3 , ~ .. . 
u 3. 6 IU JSU 2.1 1.8 ,~ .. .. -
t.1 0.1 10 0 i 2::.4 1.9 0 0' 12~ 

Q 0 0 2.1 9:! liU 1.0 1.0 
.,, ... 

0 0 0 0 0 5 1.3 191.5 0.0 0. 0 I·" " 0 0 0 u u 1!3.1 0.1 0 0 0 16: 
0 0 0 1.1 u 1; 1. t u 1.1 13~ 

a. o 1.0 u ll.l u l.O 9C 
0 0 0 1.5 5.1 11 I. I o. a 0 0 3 I'" 1: 



p DA!U~ fAC emu P~.UR moR um AULii CAW cme CYM'/E om: D!TE~ 0 {y:jt me~ scm ucus l~Sal ~m 
c 1120512 0 0. 0 0. 4 0.! 0. 2 c . 1 0.' 1.5 0.1 u 0.0 0. 0 0. 2 0.0 0 .I 0.0 0. 
c 7 1J05 ·J1 0 0.0 0. 4 0. 0 0. 0 1.2 u 1.8 0.0 o. a 0. 0 u 0. 0 o.a 0. 4 o.a 0' 
c 31JOm 0. 0 0. 0 0. J 0. 0 0.1 0. 2 e.g 0. c 0.0 0. 0 0.0 0.1 0. 0 0. 1 0,4 0' c 41JDB2 0. 0 0. 0 0. 0 0. 0 0.6 0.0 1.4 0. u o.a u 0. 0 0. 5 0.0 0. 5 0. 0 0' smm 0. 0 0.0 0. 0 0. 0 1.1 0.0 u u 0.0 a.o 0. 0 0. 2 0. 0 a. o 0. 1 0. 

6 tJom 0. 0 0.3 0 .l 0. 0 0.5 0.3 0. 2 0.0 a.o 0.0 o. a 0. 0 0. 0 0. 0 0. 0 0' 
1 zoom 0. 0 u o .a 0. 0 0. 0 0. 0 1.0 0.0 0.0 0. 2 0. 0 u 0. 0 c. 0 0. 0 0. 
2200Si1 0. 0 u u 0' 0 u 0. 0 ~ 0 0.0 o. a o. a 0. 0 0. 0 0.0 0. 0 0. 0 0. 
3200191 0. 0 11.0 0.1 0. 0 1.5 0. 0 0 .l 0.0 u 0.0 0. 0 0 .• 0. 0 0. 0 0. 0 c .. 
4200591 0. 0 1.3 1.3 u 0. 0 0. 0 0.0 0.0 0. 0 0. 0 0. 0 0. 0 0. 0 o. a 0. 0 D.: 
5 200i92 0. c 11.2 1.1 0. 0 9 .l 0. 0 o. a 0.0 0.0 0. c 0 '0 0. 0 0.0 0. 0 0. 0 u 
5200591 0.! • I '·· 0.5 0. 0 0' 0 0. 0 0. 0 0.0 0.0 o. a 0. 0 G. 0 0. 0 0. 0 0. 0 0. ( 

c 1 21GH1 14 0. 0 u o.g 0. 0 0.0 u 2 .l 0.0 0. 0 12.5 0. 0 u 0. 0 0. 0 0. 0 0. 0 
c 2210Si1 14 0. 0 3. 4 0. 6 0. 0 0. 6 0. 0 0.9 u u 0. 0 0. 0 0.0 0. 0 u 0. 0 0' c 
c 1210m u 0. 0 25.6 1U 0. 0 u 1.1 1.1 0.0 0. 0 lU 0.0 0. 0 0. 0 u 0.0 u 

4i10592 14 0. 0 4.S 1.3 0. 0 0. 0 0. 5 2. 1 0.0 0. 0 0. Q 2. 1 0. J 0. 0 0. 0 u 0. 0 
smm 14 0. 0 1U u 0. 0 2. 5 0. J 0. 0 0.0 0.0 0.0 ! . 0 0' 0 0. 0 0. 0 0. 0 0. 0 
; 210592 14 0.1 5.1 0. 0 u. 0 o. a 0. 0 0. 0 u 0. 0 0. 0 2 . I 0. 0 0.0 0. 0 0. 0 0. 0 
110m2 23 0. 0 u u 0. 0 0.0 0. 0 2' 1 0.0 0. 0 u 1.5 u 0. 0 :. 0 0. 0 0' 0 
2 1~om 2! 0' 0 2' ' 0. 0 0. u 0. 0 0.4 u 0.0 0. 0 0. 0 u 0. u . ~ 0. 0 0. 0 0' J 
3 10Qii2 2! o.g 3.1 u 0. 0 0.0 0. D d u 0. 0 i .1 0. 0 0' 0 u 0. 0 0.0 0. 0 
4 1aom 2! 0.: u 0. 0 •. 0 u u. i 0.1 0.0 u u 0. 0 0 '0 . .J 0. ~ 0. 0 u 
5 !G~W 23 0. 0 19 . 1 0' 0 0. 0 u 0.0 u u 0. 0 15. 1 0. 0 0. 0 0. 0 1.3 0.0 0. ~ 
1 l0Q;i2 2! 0. 0 u 0. 0 u 0. 0 0. 0 0. 0 0.0 u 10.2 0. 0 u 0 , 0. 2 0.0 0. 0 
1 40511 Si 0. 0 0. 0 0. 0 u 0. 0 0. 0 3. ' u u 0. 0 0.' 0. 0 u 0. 0 0. 0 u 
2 1 !06; 1 Si 0. 0 u u 0. 0 0. 0 0 .I 5.1 0.0 n. a 0. 0 1.1 Q. 0 0. 0 0. 0 0.0 u 

.... ~~i··· ...... ....... l Wl)l 50 0. 0 u 0. 0 0' 0 0. 0 0.0 u 0. J 0. 0 0. 0 1.5 u u 0. 0 0.0 0. 0 
4 14011 i Si 0. 0 0. 0 0. 0 0. ~ 0. 0 0. 0 0.! 0.0 0. 0 a. o 0. 0 0. 0 0. 0 0. 0 0. 0 0' 2 

c I 11~511 55 0. 0 u o. a 0 '0 0. 0 0.0 J.G 0.0 0. 0 0. 0 u 0. 0 0.0 0. 0 0.0 0. 0 
c 6 21 ~i9 i 55 u u u 0. 0 u u u 0.0 0. 0 0. 0 0. 5 0. 0 0.0 0. 0 OJ 0. 0 
c 1 2~m 1:2 0. 0 u 0' 0 0' Q 0. 0 u u 0.0 0.0 u 0.0 0. 0 0.0 0. 0 0. 0 0. 0 

2 20992 112 0. 0 u 0' 0 0. 0 0. 0 J. 0 1.3 0.0 0.0 0. 0 0. Q 0. 0 0.0 0.0 0.0 u 
3 z~m 112 0. 0 0. 0 o. a 0. 0 0. 0 0. 0 13.9 0.0 0. Q 0. Q u 0. 0 u 0. 0 0.0 0. 0 

2m2 111 0. 0 a. a 0. 0 0' 0 u 0.0 1.0 0.0 0. 0 0. 0 0.0 0. 0 0.0 0. 0 0.0 0. 0 
2om 1:2 0' 0 u 0. 0 0. 0 u 0. 5 10.6 0.0 0. 0 0. 0 0. 4 0. 0 0. 0 0. 0 O.J 0. 0 
I-H92 111 0. 0 0. 0 0. 0 o. a 0' 0 1.3 d 0.0 0. 0 0. 0 0.0 0. 0 0 •• 0. 0 0.0 0. 0 



P OATIJR !~~ I!CAP ;[FuN li3UA STUC smc orm EUs?C PMOSC PH~LE PMPYR rmc cmo CRm c~~~ RilOU 
11lilB2 0 c. 0 0.0 0. 5 u 0.0 u 0.0 2.9 0.0 0. c 0.0 0. 5 IU 6U u. 1 

c 2130HZ Q 0. 0 0. 0 0.8 0. 0 0.0 0. 0 0. 0 5 .I 0.0 0. 0 0. 2 1.2 13.3 • , 0 
l ... 0.0 

c 3 IH~i2 0. 0 0. 0 0.3 0. ~ 0. 0 0.0 0. 0 2 .I u 0. 0 0. 0 0. g li.! 10.! 0.0 
c • 130592 0.0 0. 0 0. 0 u 0. 0 0.0 0.0 2.3 0. 0 0. 0 0. 0 1.6 13.1 51 5 0. s 
c 5 130592 0. 0 0. 0 0. 0 0. 0 0. 0 0. 2 0. 0 u 0. 1 0. 0 0. 0 0. 0 I. 2 6 J. 0 0 . l 
c 1130:92 0.0 u u.o 0. 0 0.0 0.0 0. 0 2.( 0.0 0. 0 0. 0 0. 6 10 . ) 5:.2 0. 0 
c 120U!l1 0. 0 0. 0 0.0 0. 0 J. 0 0. 0 u 1.1 0. 0 0. 0 0. 0 0. 6 5. 0 !0 . 5 0.0 
c 2 200:H 0. 0 0. 0 0.0 0. 0 0. 0 0.0 0. 0 2U 0. 0 u 0. 0 u u 1 J 1. 1 0.0 
c l :~jW 0. 0 0. 0 0. 0 0. 0 c. 0 0. 0 0. 0 2.1 0. 0 u 0. 0 l. 2 JU 2?: .) 11. e 

4 2~0H2 0.0 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 l.l 0. 0 0. 0 0. 0 o. e JO. 1 2!U 11.4 
s m:;2 u 0. 0 1.1 0. 0 0. 0 0. 0 0. 0 IU 0. 0 o. o· 0. 0 2U 18.4 Ill. I n. o 
6 200Si1 0. 0 G. 0 0.! 0. c 0.0 0. 0 0. 0 14.1 0. 0 0. Q u u 4l.l Iii . I 0.0 

c I ~ iO! l1 14 0. 0 u.o 5.1 0. 0 0. 0 0. 0 0. 0 l.2 0. 0 0.0 0. 0 0. 0 IU 21.3 18 . 0 
c 2 uom " 1.2 0.0 2. 5 0. 0 0. 0 u u u 0. 0 0. 0 0. 0 u JU ) ; . 0 11 .6 
c J2i0m 14 0. 0 0. 0 2.! 0. 0 0. 0 0. 0 0. 0 ' .1 u 0. 0 0. 0 u IU li . l 1J.3 
c • 210~~2 1' 0. 0 0. 0 1.5 0. 0 0. 0 0. 0 u 15 .) 0. 0 0. 0 0. 0 u 25. g su I i . 2 

! :i0!~1 1( u 0.0 1.2 0. 0 0. 0 0. 0 0. 0 3. 1 0. 0 u u u 2U 5 i '0 3.1 
6 m:l2 I 1 0.3 0. 0 1.1 u 0.0 0. 0 0. 0 11. 1 0' 0 0. 0 0. 0 u Z3.5 5).2 13.4 
1 tcom 23 0.! 0. 0 1.( u 0. 0 2. 1 0. 0 u 0. 0 0. 0 0. 0 1U 12.5 23!.4 Q.Q 

2 to~m 2! 1.3 0. = 1.1 0.0 0.0 0. 0 0. 0 8. 1 0. 0 0. 0 u u ' i .1 m.o 0. 0 
3 t: ·Ji l1 2l 0' 0 Q' 0 2.! 0. 0 0. 0 OJ 0. 0 u 0.0 0. 0 0' 0 u la.t m.e u 
! I O J~;~ 23 0.7 O.l 0. 0 0. 0 H OJ u 10.7 u 0. 0 0. 0 J.2 25.0 2\ .. 2 0 0 
i lu ·:s;; 23 0.0 0. 0 6.2 0 '0 0. 0 0.0 0. 0 6.7 0.0 0. 0 0. 0 7.1 IU 410.1 0' 0 
o IO~ili 2l 0. 0 0. 0 u 0. 0 0. 0 2. 2 0. 0 9. 1 u 0. 0 0. 0 1U H.2 lJ i. I 0.0 
I ! :o l1 5i 0. 0 u 0. 6 0. 0 0. 0 0.! 0. 0 2.6 0. 0 u 0. 0 2. 0 u 112.8 0. 6 
1 ll ·j5J! 35 0.0 c. 0 0.4 0. 0 0' 0 0. 0 0. 0 1.8 0. 0 0. 0 0.9 0.1 u 0. 0 9.9 

~~ ... · ... ~~~-:.-: l 1 1"111 5i 0. 0 0.0 0. 0 0. 0 0. 0 Q.ij 0. 0 0. 0 0. 0 0. 0 c. 0 u u 221.1 G. 0 
• 14-l! 11 55 0.0 0. 0 0. i u 0. 0 0' 0 0.0 2 .) 0. 0 0. 0 0. 2 0. J u ldU 1.3 
5 I ia :! I 51 0.0 0. 0 d 0. 0 0. 0 u u u 0. 0 0. 0 0.1 u 1.1 I i 1. 0 2. I 

' 2 :Oil! Si 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 0. 0 u a. o 0.0 u 2. 0 2.6 113. I 1.5 
1 zam 112 0.0 0. 0 0. 0 0. 0 a. o 0' 0 0.0 0. 5 0. 0 0. 0 15.8 u 12.0 1!.4 2l.5 
1 1B~1 112 c. 0 a.o 0. 0 0. 0 0. 0 a. o 0 0 2.6 0. 0 0. 0 31.5 1. 6 11.0 5!.3 20.. 
3 2-Hi2 li2 o. a 0.0 0. 0 u 0. 0 0. 0 0 0 1.9 0. 0 o. a 21.5 u I. I lU 2U 
4 2Ql91 1:2 0. 0 a. o 0. 0 0. 0 0. 0 o. a 0. 0 3. 2 o. a 0. 0 31.5 5.7 1.4 31.5 1U 

gm 112 0.0 0. 0 0. 0 0' 0 0.0 0' 0 0. 0 u u 0' 0 11.0 u 5.4 36. ~ 18 .1 
1Jii2 111 a.o 0. 0 0. 0 0. 0 a. o 0. 0 a. o 0. 5 0' 0 0' 0 11.4 5. 0 u 45 .• IU 



T P OATUR TAG COLN! com Ol~P'J UGCC OOS?C PLALA ~we scm scm SCELL scm scm r:~A~ r: <v~ C~ll.lll 
1 ilUH2 c 0. 0 u 0. 0 0.0 u 0. 0 0. 0 0. 2 ~. 0 0.0 J.O 0.' 0. 0 0. 0 0.0 
2 130592 0 0. 0 u u 0. 0 u 0. 0 0. 0 0.0 u 0. 0 0. 0 0. 0 0. 0 u 0. 0 

c 3 130592 0 0. 0 u 0. 0 0. 0 G.O 0. 0 0. 0 0.0 0. 0 0. 0 0.0 0.0 0. 0 0. 0 u 
c I 1:0s~2 0 0. 0 0. 0 G. 0 0. 0 0. 0 0. c 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 o.u 
c smm 0. 0 Q.O 0. 0 0. 0 u 0.0 0.0 u 0.0 0. 0 Q. 0 0. 0 0. 0 0. 0 0. 0 
c illOSH 0.0 D. 0 0 0 0. 0 0. 0 0. 0 a. o 0. 0 u 0. 0 u 0. 2 0. c 0. 0 0.0 

1200Si2 u 0. 0 u 0. 0 '. 0 0. 0 u 0. 0 0. 0 1.1 Q. 0 c. 0 a. o 0. 0 0.0 
c 2 200592 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0 l 0. 0 0. 0 u 0. 0 0. 0 u 0 .l C.O 
c J 2005l2 O.l 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 7 0. 0 0. 6 J. 0 0. 7 0. 0 u 0.0 

'200592 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 ' ~ u 0. 0 c. 0 0. 0 0. 0 0. 0 0.0 
c 5 2005l2 0. 0 0. 0 u 0. 0 0. 0 0. 0 0. 0 u 5. 6 0. 0 1.1 0.0 c. 0 0.0 
c &200m 0. 0 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 J. 0 0. 0 0. 0 0' 0 0' 0 u u 
c 12705S2 u 0. 0 0. 0 0. 0 0.0 0. 0 u 0. 0 0." u u 0 '0 0. 0 0. c 0.0 1. ! 
c 2mm u 0. 0 0. 0 0' 0 0.0 0. 0 0. 0 0. 6 0' 0 1.2 1.8 0. 0 0. 0 0. c 1.5 J.l 

3270S92 u 0. 0 0. 0 0. 0 0.0 0. 0 12.! 0 '0 0. 0 1.1 1.7 0. 0 0. 0 u :. 0 2. 3 

' 270592 H 0. 0 0. 0 0. 0 o. n 0. 0 1.' u c. 0 O.J 1.1 0. 0 c. J u 0. ~ 1. L 

c 5270512 u 0. 0 0' 0 u • 0. 0 0. 0 u 0. 0 0. 0 0. g u 0. 0 0' 0 u 0' 0 0. J 
c ' 21m2 u 0. 0 u 0. 0 0. 0 0. 0 0. 0 0. 0 0' 1 0.1 u 1.0 0. c 0. 0 u c .1 
c 1 1CHl~ B u 0. 0 u ~' 0 u 0.1 0' 0 u u 1. 1 u 0' 0 0 '0 u 0. 0 
c 1 10001~ 1! 0. 0 0. il 0. 0 OJ 0 '0 u 0. 0 u 0. g 0. 0 0. 0 0. 0 0' 0 ~ " .. ' ' ~ "·• 

l 100m 23 u 0. J 1.1 0' 0 0. 0 0. 0 u Q.O u u 0. J 0. 0 u 0. 0 u 
' 10001? 2! 0. 2 Q.2 0. 7 u 0.2 u 0.: 0. 0 1.1 0.5 u 0. 0 J 0 u O.J 
5 10m2 B 1.l c. 0 u u u 0. 9 u 0. 0 u 1.5 1.3 O.t Q.4 u u 
o 1oom 23 0' 0 c. t u 0. 0 u . , 

J • • 0. 0 0. 0 1.J u u OJ u 0.0 0. c 
1 m; 1 50 0. 0 u 1.1 a.o 0 c 0. 0 u 15.3 0. t 0.0 0 .l u u c. 0 111.: 
21:m; So 0. 7 0. 0 0' 1 0. 0 0.0 u 0. ' !.1 0. ' 0. 7 0. 0 0. 0 o. a 1.1 0. 9 

:,..;;.;.._,. , Lt,.~ ,,. J 2 ~~111 ,. 
.) 0.0 0. c 1.J u u 0. u u u 1.5 u o. a 0.! u 2 ' ! 213.5 

' UO)i 1 Si 0. J u Q.j u c .7 Q.O 1.5 u 1.l 1.0 0. 0 0. 5 0.0 0. 5 119.0 
s mH l 5t 0.4 u 0. 1 u u c.: u l. 5 0. ' 0. 0 0.0 0.1 u 0. 0 &: . 1 
' 2 !0!; 1 H 0. i 0. 0 u a. o 0. 0 0.' 0. Q 7. 2 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 0.0 
1 2CH2 111 0. 0 0. t u u t.; 0. 0 0. 0 0' 0 0. 0 0. 5 0. 0 0. 0 0' 0 0. 0 Q. 0 

c 2 mu 112 0. 0 0. 0 0. 0 u 0. 5 0. c 0.! 0.3 u u 0. 0 0.0 Q.<l Q' 0 0.0 
c 209!1 112 0.0 0. 1 0.0 c' 0 0' 3 0. 0 0. 2 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 o. a 0. 1 

20912 112 0. 0 0. 0 0. 2 0. 0 0. 3 u 0.3 0. 0 0.: 0. 0 0. 0 0 '0 u =. 0 Q.C 
20H1 111 0. 0 0. 0 0. 0 u 0.0 0. 0 0. 0 0 '0 u 0. 0 0. Q 0. 0 0' 0 0 '0 0.0 
2m2 112 c. 0 0. 0 0.4 0. 0 0. 0 0. 0 0 '0 0. 0 u 0. 0 u 0. 0 0. 0 0' 0 0. 0 



P DlT UR TAG CSEII CSlUI CSPII CSPRO COlAE CCtiEI CJUIO CYAIO DUTO EUGlE CRYPT CHlOI COIJU AlGEN 
1 130591 0 u 0. 0 OJ 0.0 5.S 5.7 0.2 u u 2.9 15.1 u 11.0 102.5 
2 :30592 0 1.t 0.0 0.0 0. D u u 0.0 a. • 4.2 u 6U u 11.1 tU 

r. 3 130512 0 3.1 o. a 0. 0 0. 0 5. 5 5J 0.0 0.0 3.1 2 .a ., ,5 u 15.2 111.2 
c 41l05t2 a 2.1 o .a 0.0 u 5. 0 2. I 0.0 0.0 l. 1 2.3 U.l u 1U au 
c 5 130SI2 D 1.3 o.a 0. 2 a .o 3.0 u 0.0 0.0 u 2.1 11.5 a. a 1U au 
c ' 130592 a 2.1 u 0. 4 0. 0 2.5 u 0.0 0.3 u 2. 4 15 .I G.2 1U su 
c 1 200592 1 21.7 0. D 0.0 0. 0 u 21 .2 0.0 u 2.0 1.1 96.1 u 55.1 111. 1 
c 2 200512 1 u 0.0 0. 0 0. 0 u 1.1 0. 0 1.0 O.l 25.5 13U 1.5 IU 116 .1 
c 3100592 20.0 0. 0 u 0. 0 15.1 U.l a. o 12 .a u 2.1 m.r 2.3 85.5 38 1.2 
c 4200592 u 0. 0 Q. 0 0. 0 2. 2 I.J 0. 0 1.3 u l.l m.5 u 1U 21'-4 

5 200592 11.1 0. 0 0. 0 0. 0 26.3 206.1 0.1 1U 11.5 1U 212.2 u 2U.I 533. e 
6 200592 5 .l 0. 0 0. 0 0. 0 u 24 .2 0. 0 3.3 u u.: 21U 1.3 38.1 213.1 
1 210592 u 58.2 0. 0 1.! 0. 0 U.l 333.6 0. 0 u 22.6 u 5U 11 .5 m.1 562 .6 
2210592 u li.1 0. 0 3. 1 0. 0 1.3 11U 0. 0 u 5.8 u 12.2 I. 5 uu 254.2 
l2105i2 H 56.7 0. 0 11.1 0. 0 50.1 5! 1. 0 0. 0 2U '1.3 1 I IU 23.! 610.0 826 .3 
4210512 u u 0. 0 0.5 0.0 1U tU 0. 0 u i.' 15.3 102.0 5.2 110 .8 m.r 
5210512 u 31. 1 0. 0 5. 5 a. o 5U 231 .2 o. a 11.5 11.9 3.1 92. 1 u m.r m.o 
6210592 u 20.2 0. 0 O.Q 0.0 5.0 uu 0. 0 u u 11 .1 110 .6 5.4 IIU 315.6 
1 taam 28 23.9 0. ~ 2.l 0. 0 3U 112 .1 0. 0 2.1 12.5 '.0 liU 5.4 2ll.t 631.1 

c 2 100192 28 u 0. 0 u u a.a 26.5 a. o 2.C l .l a. 1 lU .I 2.6 40.t m .2 
c l 100U2 21 10 .3 0. 0 u 0. 0 U.t 321.2 0. 0 u IU 5.0 296 .1 u 386.7 ' IIU 
c ' 100692 21 l.t a. o 0.5 1.0 u 58.5 0. 2 2 .I u 10.7 29U u 6U 381 .5 
c 5 100692 21 2U u u 0. 0 25.3 161 .3 0. D 19.1 22.6 u m.r 10.5 222.5 136.1 
c ' 100512 Zl 12 .0 0. 0 0. 9 D. 0 11.5 11.9 0. 0 u 1U '. 1 4!1 .2 3.5 102.3 s 15 . 1 

1 4059 1 56 u D. 0 0 .I 0. 0 0. I 1.0 D. D a.o 5. 0 u 131.2 130.5 6.1 216.0 
2 11069 1 56 u 0.0 D. 0 0. 0 0. 5 0. 5 0. 0 u 1.5 2 .I 1U 12.1 1.3 5U 

~~ ::.. l HOm 5l 3.3 0.0 0.0 0. 0 1.0 0.0 0.0 ... 1.1 0.0 230 .4 229.1 u m.o 
4 HOSt 1 56 1.3 0.0 0. 0 0. 0 1.0 0. 2 0.0 u 1.5 2. 5 119.1 139.1 2.5 33U 
5 110591 51 1.1 D. 0 0.3 0.0 u u 0.0 2.1 3.0 3.2 155 .5 IU u 251.3 
6 21a511 51 u 0.0 0.0 0. 0 u 0. 5 0. 0 u u u 130.3 1.2 u 162.4 

c 20"? 112 0. 4 0.0 0.0 0. 0 0.0 o. a 0.0 0.0 1.9 1U 119 .2 2.1 u uu 
c ~ ~ 12 112 u 0.0 0.0 0. 0 D.O 0.0 D. 0 a.o 1.3 H. I 103.3 1.5 0. 6 IU.I 
c 2om 112 o .a D. a o.a 0. D u a. o u D .0 IU 21.5 su 0.1 0 .I 15.3 
c 20992 112 0.5 a.o 0.0 0.0 D. a D.O 0. D D. 0 1.0 3U 1U 1.2 0.5 118.1 
c zam 112 1 • D. 0 u D. 0 D. 0 u 0. 0 0.0 11.5 22.6 U.l o.a 1.1 102.2 
c 20992 112 o.a 0. 0 0.0 0. D 0.0 0.0 0. 0 D. D 10.3 11.9 15.! u o.a 104 .5 



1. Cladocera 

DAHAG = Daphnia magna 
DALON = Daphnia longispina 
CAJUV = juvenile Daphnia (Oberwiegend D. longispina) 
SCHUC = Scapholeber1s mucronata 
SIVET = Simocephalus vetulus 
BOLON = Bosmina longirostris 
ALAF : Alona aff.nis 
CHYSP = Chydorus sphaericus 
POP ED = Polyphemus pediculus 
SUCLD = Summe der Cladocera 

2. Copepoda 

EUVUL = Eudiaptomus vulgaris 
CYSTR = Cyclops strenuus 
EUSER = Eucyclops serrulatus 
NAU = Naupl ien 
COP = Copepodite 
SUCOP = Summe der Copepoda 

3. Rotatoria 

TRTET = Trichotria tetractis tetract is 
:'f~ . ...... .. . KEQUA = Keratella quadrata 

CEGIB = Cephalodella gibba 
ASPER = Asplanchna priodonta (vereinzelt A. girodi) 
SYSPC : Synchaeta spec. (oblonga?) 
POREH = Polyarthra remata 
FILON = Filina longiseta longiseta 
XSPC = Species X 
SUROT = Summe der Rotatoria 

4. Ostracoda 

OSJUV = juvenile Ostracoda 
SUOST : Summe der Ostracoda 

5. Sonst1ge Gruopen 

CHIRO = Chironomidae 
CHAOB = Chaoborus sp. 
SUHZB = Summe des Hakrozoobenthos 



I p o•;aK ur, am~ ouoN OlJUV smc srm aut·J• ALF C~m POPEn sam EUVUL CYSiF. E'JS:i 14U CCi' SaC~' 
A 1 mm 0 0 1.6 2~ 0 0 0 0 10 0 lU 0. 2 0 0 10 2 12.1 
' 1 1l05l~ 0 0 u 2') 0 0 0. 2 0 i 0 21.6 u 0 0 1' u IU 
A l 11~5~2 0 0 u 2? 0 0 0 0 • 0 11.2 0.2 c 0 13 I IU 
A I 1l0591 0 0 0. 6 a 0 0 0 0 0 0 u 0 0 0 ,, 0. I su 
' 5 110512 1.1 11 0 22 31. I o.c 30 0 .l s;. 2 
' ~ 130iS2 u 10 0 0 1! 21.2 a.c iu I 5; .• 
~~ 1.9 15.6i 0 0. Oll 10 21.5 o.m 1: 1.1 12.13 

A I m:H 0. ' 11.' H 11.1 30 au 0 1i II l! 
A 1 200!12 0 u 5:.1 11.5 il.l ouu 0 !U 15.1 1C 
' 1 2oom • )! ) . 2 u 0 55.2 0 .I " u 11 ' •• • 4 

A' mm u 3i 0. 6 1 6 0 53 2 0.' li 1 53.6 
A ; 1005!2 u 1l3 0 0 :~ 0 232 u 54 I J 6 i .• 
' 5 20uil~ 6. 6 2\ 0 0.4 I i u 11 10 !1.5 
~4 0.050 20.5i sus 0. I 5 .15 0 2Ui O.OSo IOU 0. I ~ 52.5j 10 .11 i:.iS 

' I 2iUil1 u Q u '. .J ' 9.' 1? 0.4 IU Q.' li su 
A 2 m:l2 ,. 0. 2 l.4 10 Q 1 co . 5 0 u 1: 55 
' 1 m:1: It 20 ;: 5 10 m m Q 21i s: 1:; 
A I 210:i1 I! ' 1! u 13 53.1 u ., 

'- H !: .1 
' : 210:l? I I 1.1 I " IS 9!.2 u a '2 ! su 
' 5 mm u . ' J •• H i 0., 4:.! D. 5 ~~ 12 :u 

". o.m o.m il.li u;: u 1~ l.i 9i.5 0.133 0 0.033 Ia . 16 1&. iS !: .1 

' I ~~~j 12 2! 0. 2 IS u 31.6 0 .I I' 11.! 
A 2 IGHl2 2! u u 1! u 10 11.4 Q 8 15 14 

'~~'X'- :~· . ~-.: 
' 3 IO~m 2! 0 u u u I 0 2.1 1.2 1U 3 5.4 5.! IU 
A 4 IOUH; 2! 0. 2 0.! H Q c 2 2 53.1 1.4 0 Q I I I j.' 
'110m2 23 0 u u 0 8 2 12 u 0. 2 0. 2 Ia I" 11 
A 5 1C05l2 2! 10 u Q 8 2 u u Q 0 12 16 12.2 
M'4 Q. I U JUJ !.IH o ~.m 2.m 4U5 1.m o.ou c.m IU IU 21.93 

~ I !Jill iS 1.' " Q 31.4 u 0 32 11 ~=.a 
A 2 l~ii2 56 6 51 u Q 0 0 iU 1.8 0 £1 I' cu 
' l 

am: ~~ I 22 1.2 0 0 0 2U 0. 5 0 11 1l 4U 
A I am: 

,. 
.) 1.2 a 1.5 0 ~ Q 0 10.! 0 21 21 c: 

A 5 !Jil? 55 0.! 0,( 0 0 0 la 0 21.2 u 0. 4 18 2C lU 

' . a om 55 ~~ u u 0 0 0 0 5i.l 1.5 0 0 2~ IS l i . 6 

~·· j , l 21.6i l.lll 0 0 0 11.2 1.m o.m 0 25.33 IUl c:. 1 

' I 
mn 112 l.S 22 0 0 li 0 11.6 u 1a 23 ll.: 

A 2 2om 112 • 22 0 0 1! ~ 4S 0 62 15 12 
A l mH Ill 1.8 25 0 0 a2 0 111.1 u 0 0 50 25 15.6 
A 4 2m2 112 1.6 12 0 0 40 Q 51.1 1 0 0 S4 l! ll 
A 5 ml2 112 u 10 a Q so a 62.1 0.1 0 0 40 42 IU 
A I mH 112 ' 12 a 0 0 0 u 0 ll 2 0 0 50 ' 53 
~~ 1 J.m tui t.m 0 Q C JS.U 0 su 1.516 a 0 54 2Ul IU 



r P en• m um muA e:m m:~ mn ?:~:~ mo• me smr osJuv sucsi em~ m=: s~•:3 

A 1 m:n a 0 2 0 2~ 0 a a 0 22 a 0 ~ 0 0 
A 2 m:;2 0 a 0 a 15 0 0 0 n 0 c ~ 0 0 
A l 1l~: i~ 0 0 12 0 0 0 1l 0 0 0 
A ' m::2 0 0 6 2 0 I 0 0 0 0 
As m:;? 0 0 15 2 0 1! 0.? t.2 u 0 ~.: 

A' m:;~ 2 .. .. 6 0 22 0 0 0. 2 ~ u 
•• o o.m o.m 1 t 0 1. :os o u.11 o.m o.m o.m Q 0. o:: 

A 1 m:;; it 12 
A 2 m:l2 6.1 1U iO u u 
A 1 m::2 1 s 15 0 
A' m::1 0.! u 
A! m:;2 s 1£ 
A~ m:;; i.l ' u 
~- u: ouu 0 10 .:: U!l U5l D. W 0 ~ . 15i 

A 1m::; 1( ' A 2 m::2 1t 0 0 
A ; m::~ u 5 10 ~ u u 
~ ' Fu:i1 1! 0 0.1 0. i u 
~ ....... 

j 'I w: :' 
., 
I• 11 12 0 0.1 0 .? 

AS F~:;: u Q 1 1 1 0.? 0 0. ~ 
~~ 0 u:: •. 1 •.• (,: . :~~ u u o.w r.1:: 0. 2 

A 1 m::2 11 0 
~ 2 1~~! ;; 2! 0 0 0 

... ... ,:- -·,~-c.. ... ... A l lOCi i1 H Q 0 1.1 1.! 
A C i ~:; i2 ?3 0 c c 0.' u 
A S 10C~;! ii G 0 0 ~ 0 0 
' i tn~::; 13 0 c 0 0 

·~ 0 0 0.1 0. i 0 0 

A 1 8 .... .... ~: 0.' u 
1 2 !Oi~? 

(. 

·' c. 2 0. 2 
A l ~~m s: 0 0 u 0. i 
A 4 am; ,. 

.l 0 0 0 u c. 5 
A 5 e:m 55 Q 0 0.1 u 
u am~ 55 Q 0 a.! O.l 

-~ o ;,m o 1.m a.m a.m a a.m o.m 

A 1 2om 112 164 0 B m 0 D 0 a a 
A2 2m2 111 112 0 0 I' ·' 0 m a 0 0 u 0. 5 
A ~ 2m: 112 1Q~ 0 0 II 0 1U 0 a 2 a. 2 ~.2 

A 4 2am 112 0 72 0 0 c 10 0 U2 0 a a 0 a 
AS 2om 1i1 0 '~ a a 0 6? 0 la2 I ' D D.2 a.z 
u 2om 112 a II 0 a 0 u a a 112 • a a 0 0 
... 0 91 a 0 0 !Ul 0 0 111.1 1 o.m o.us o.s 



T ? DHUW U~ Om~ D~LON C~JUV SC'-UC WEi IClul AW Cii'IS? FO?~a SUCLD E!I'IUL CYm ma LIU COP SUCO? 
a 1 mm 0 0 2.5 5.6 0 0 0 0 u r 12.4 0. i 0 0 15 .2 1.2 17 
1 2 mm 0 0 0.6 u 0 a a 0 2.1 0 T 0 0 a lU u IU 
11 mm 0 0 1.1 10 a u a 0 u 0 :a .2 0. 4 a a Ht U11U 
I c 130B2 0 0 ' " a u a 0 10 a 2!.; "" a a !S 2.1 au 
I 5 1lDSl2 a u 10 0 2 0 a u 0 HJ 0 a u a.c IU 
B I 110512 1.2 u 0 0.' 0 0 I 0 15.1 u a 1' u IU 

·~ o 1.m 1.m o o.m 0 0 u o 2a.21 o.m 0 IUS 2.5!3 9:.!~ 

1 1 2oom 6 H u '~ 0. 6 2! I~ l! . s 
1 2 m: l2 O.t u 2~ 0 2 0 2U u u 52.2 
8 l 200:92 c u u g 51 G au a.' u iu 2~ 11 
8 4 20059i 1.1 21 2 8 0 33 .2 0. 2 0 H !5 5U 
1 5 mm 12 .I 32 5.2 10 0 5o 0. ' a 25 30 .'. 
a s 200m 0.1 u ,, 0 0 0 0.' 41.1 H 0 

; I ~~ 0. I Ul3 32.55 2 .I 0 c 11.15 u su 0. ~ o o.m J5 II 4, , 56 
81 mm 1! 0 5.1 lil 11.2 0 13.3 0 to. 2 l.1 0 0 13.3 20 11 
s 2 2im~ 11 u ,, 2 0 0 0 iU D 0 11 21 C! 
! 3 210592 H u ·~ 0 1! .1 0 a su 0 US . I u I 10 30 HU 
3 4 m:~2 1' 2 25 0 1.4 0 0 " u U.l u co 21 5U 
& 5 27051? H 0 1:.1 : .7 0 3.3 l~ l.l n 0. 4 u ll . 3 2S.7 t~U 
a 1 mm u 0 u 0 0 0 " 2 6 I u a 30 12 4U 

- ~ ~4 o.13i J.m cu: o.m 1.010 O.S5 25.Ti US lUI 1.85 0 a.o:i ~! . I 2Ua 11.8 
s 1 t om~ 23 0.? u 0 2.6 0 " 0 27 0 0 0 B 12 l ·J 
a 2 taam 23 0 0 3.4 0 0.3 0 ' 0 8. 2 u c H 16 1:.8 
! 3 100ii2 23 0. 2 0.8 2.! 0 1.! 0 10 0 IU u 0. 2 !t 29 75.5 
s • tcm; 13 u 6 0. 2 : . 2 15 21.6 u 80 ta 102.5 

-- +~ 8 5 toum 2l 0 l.C c 0 6 1U OJ !! IS IU 
8 I lOOHZ 2l u 0. s 0 0. I 0 0 t4 1.4 52 14 6U 
M'4 0. 9 1.2 ! . 7 0. Ql! 1.! o s.m 0 lUi 2.15i o o.m li.ll 15 7U3 

I 1 10i91 ,. . ) D. c ( 0 0 1.4 u H 20 9U 
' s 2 ec ;g1 So 0. ' 0 13 0 0 0 2U 3 90 25 119 . 

! 3 W92 s; 0 13 ~~ a. 2 0 0 32.2 3.2 16 IS !5 .2 

a ' 101!2 s: 0. ' 25 0 0 0 0 2U 2.2 1& 20 ttC .1 
~ I 5 10191 

,. 
0 2 2 0 c 12 u 0 ,, ,, 7!.6 .) • 5I sam ,. a. 1 ti ' 0 J a 0 51.4 5 0 102 ~! 

,,. • . ) • • 
i 1W u t.m tu: 1 o.m 0 2.333 G 2UJ 2.6ll 0 sus 2~ 105.3 l 

i 
f 8 I 2om 112 0. 2 a 1 15 15.2 0 D u 29 118 
; I 2 2~!?2 112 0. s I' 2 ~~ 2! .I u. 2 0. 2 a 112 23 20D.4 
~ 8 3 mn 11! a 3. 4 I a 0 ~ a 0 25.' D 0 0 125 IS IU ~ 
I ! I m'i1112 0 Q.' I 3.1 0 0 u a 21 u a Q lSi H m.s t 

' 95 mn 112 0 0 u ' .1 0 Q U.l 0 10. I Q Q a !U 113.3 205.! ! 
i H mn 112 u u ta 0 0 ' 0 31.2 2.1 a D 142 3a 11U . ; 

•• O.Tll 2.1 11.11 0.333 2.216 0 a 21.11 ~ 31.!5 a.m a.D!l D 131.5 45.55 111.1 J 
1 
1 

' : i 
~ 

"l 
j 

.J 

·j ·•. ·::. ···. 
:~j · . 

-: ~ :.:. . 
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I P DAm TAG TR!Ei muA CEGB AS?E~ ST:i'~ Pom FilOI me mor osm !uasr cmo CHACI sum 
1 1 uom e Q a a u 0 a .a Q .I 0 50' a Q a a 0 
1 2 mm 0 a 0 0 1U 0 1 0 0 20,( 0 d 0 0 0 
I l 130592 a c a 0 23 a I 0 J5 0.6 0.6 0 0 
! 4 1305H a 0 0 a lQ 0 a a 10 2 2 0 c 0 
a s mm 0 0 0 2 6 0 0 0 I 0 0 0 0 0 
s ' 1: :;n 0 a 0 0 0 4 a a 0 0 0 

~· o o.m 1i .25 0 UJJ 0 0 1 o li.Jl o.m a.m 0 

s 1 mm 4 0 0 4 0 0.' 
I Z 200512 0 a 0 0 2 u 
s , mm 0 0 0 ' 14 14 2 0 2 
B 4 200H2 0 0 0 I 14 14 u 0 0.' 
B 5 200592 0 0 0 0 2 2 0 0 0 
s 6 mm 0 0 0 0 0 0 
M~ 0 o 2.m 0 O.JjJ 0 2.6i6 5 o.m o.Oll 0 0 5 

a 1 mm u 6.1 6.1 l.l l .l 0 0 0 
9 2 mm 14 5 4 ' ~ 0 0 
B l 210:12 u '~ 4G 2~ 20 0 l.l l.J 
s ' mm IJ lJ H 6 5 0 0 2 0 0 2 
as mm 14 1.2 15.1 30 40 •J 0 0 
I 6 210592 14 11 12 10 10 0 0 2 0.2 
M'4 0 0 5i 2U o 2us 11.u lJ.aa om a.ss o.m 

8 1 100612 2! 16 20 0 
B 2 100592 18 '~ u u 0 0 ~ I 

~ .~ .. :.· -~-· .,:-.......;:-
B l 100091 28 lJ ll 0 0. u 0.1 
& 4 100m 2! ;: u 0.6 0 0 0 5 
.i 5 IOOU2 2! J: u Q 0 0 2 0.2 
a ' 1oom 21 ;? 32 0 0 0 
n 2 0 5 o o.m o 12.21 o.m o i.m li 1.m 1.m o.m o.m a.m 

s 1 som ~) 0 2 a a. s 0.5 
8 2 10792 B a 0 2 a 0 u a. 4 
I J 101!2 55 0 0 0 0 2 0 0 0' 0 0 4 
8 4 10791 5i 0 0 0 0 0 0 1.2 1.2 
I 5 a om 56 0 2 0 0 0 a u 0.1 
I 5 a om 55 u 0 0 0 0 0. 2 0 0 2 
M~ o o.m o o.m 1.m o o.m 1.m 0. 5 u 

8 I 20U2 112 0 0 0 120 0 0 120 0 0 a.2 a. 2 
I 2 m12 112 a 0 0 112 0 2 114 a 0 u u 
I l 2om 112 0 0 0 IS 0 0 IS 0 a u u 0.1 
I 4 20U2 112 a 0 a a " 0 2 IS 0 0 2 u 2.2 
i 5 mt2 112 10 a a 0 53.3 a u ra 23.3 Zl.l a a a 
I I 20U2 112 2 0 a 100 Q 2 lh 0 a 0 0.1 ... 
lnl 1.m o.lJl 0 0 0 IU5 0 2.116 IUS l.Ul 3.111 u a.m o.m 



r P DATU" TAu DAU~ DALOI OAJUV SCRUC S[VEi ICLO~ AUF CHm POP!~ SUCLD E:JVUL CYS!i Eum IAU m smP 
C I P0592 0 u 41 a 0.1 1 0 u a 11 .I u 0 a IS 2 IU 
c 2 mm u 16 0 a 0 2 a IU 0 a to 2 11 
c 1 uam 1.4 u a a 4 IU 0.' 13 ' 62.5 
c ' 1305!2 D.i u a a 2.2 11.2 u 0 0 u 4 ~ 
c 5 130m 0. 4 g 0 G 5 iU a 0 50 1.~ 51.1 
c ' 130592 a u 0 0 u a 10.1 a. 2 a 53 u Sl.l 
•v 0 1.250 H.H o a.m o.m a s.m o 22.11 a.m 0 65.13 2.033 6 j. 6 

c 1 mm u ll a. 2 0 u 0 55.6 OJ 4i su 
c 2 200m ' 25 0 0 4 0 36 0 ~a 10 63 
c 1 mm 11 1(5 11.2 0 55 a 1H.2 2.4 sa 2! !U 
C 4 200B2 1.2 ~ 5 u 12 a. 2 31.1 0 a sa 15 H 
c s mm u 6:.1 I . i 43.3 a 125 a. 6 0. 2 50 16 .I 61.1 
c 6 mm 5. 6 12 0 6 0 45.6 a.' 0 sa 8 6U 
J~ us 4Ua o 1.m 0 2U1 0.033 11.36 U33 0.011 0 SUS lUI $l.l8 

c 1 210592 It 0 3.1 50 l.l 56.5 1. 3 51.1 2S .I 1.1 
c 2 z:am 14 0.5 4 ! 0 0 10 0 22.& 0 I 4 20 c 
c 1 mm 1l 6 .I 111 0 c 10 0125.1 a IU 35 .I 0 
c 4 210m II 1 u 21 0 a 1 a. 6 lU 0.8 53 ~1 u 
c s mm 11 0 0 ~; .3 ;.] 25 .I 0 50 0. 4 I J. 3 2j 0 . I 
c 5 mm It o.s 11.2 3i 0 0 2 a u.a 2 41 1 i 2 

"'~ O.m Uli H.IJ 0.:: 0 15.7! O.§i 51.!: 1.m o ~i.JI 2~-~j 1.m 

C I 100m 23 0.1 0 1.1 0. & 0 9! 10 IOU 
C 2 1005l2 B a 1.1 0 3. 2 a. 4 0 120 l4 I:U 
C 3 100m 21 IU 4 0.1 12 2U 5. 6 0 12 20 10 j .6 , ... .... , .. . •:.•: ,.~ 
C 4 IOOB! 23 u 0.1 a c 0 0 5.! 0. 2 114 H I i 3 I 
C 5 lOOm B 0 2~ u 10 ~Q a 55.1 &o .I 0.3 I :J 
C 6 100m 23 Q 4 2 0 a 6 1.1 Ill 25 loU 
If~ o.aJJ &. m 1. 1 i 1.1 o 1.m 0 1UI1.3ii 0 0.0!3 IOU 2!.55 11! .4 

c 1 a am 5~ 0. 6 i a. 2 10 16.1 2 u 56 20 li.l 
c 2 a om 5~ 1 u 0 15 31 2.1 0 40 12 su 
c l 10111 So 0. 5 1 a 0 13 lU 5 .I u 45 22 IU 

c ' a am Si a. s 12 u 15 lU l. 5 2.1 u 23 18 .' 
c 5 m;: 55 5 ,. 

.l 0 li 11 0 0 30 10 45 
c 5 1Qit2 s; 6 51 li 10 u I a u 10 ., 

0. 

-~ o 2.m 2u1 1.m 0.01j 0 U.ll u.s 3.1 1.5 u 41.1~ IB&I.jj 

c 1 2om 112 a 2.1 u c.' 0 3.l a 11. 1 u u 0 231.1 IJ.l 24i.' 
c 2 mt2 111 0 u u 0 u a l.l a 11 1 0.1 a m 1u m.s 
c l 2am 112 0 r.s 11 .3 l.l 30 0 !l.l 0 UO.I 1.2 u 0. 2 Hl.l 53.3 l!U 
c 4 z~m 111 0 u su 0 OJ Q 10 0 11. 1 2.2 u 0 m co l12.& 
c 5 2om 112 0 l 33.3 10 u Q l.l a 50 u 0. 2 0 255.1 36.1 lOl 
C6 29!!2 112 20.1 56.1 0 0 a 10 0 !3.4 l.' 0 a m.l 16.1 253.9 
NV us 2!.5i 2.m s.m 0 20.53 0 i2.1S I.Sii 0.156 0.013 211 .1 2U! lOU 



i ? DA1UM m um r:QIJA m:3 m:~ smc Pom mo• xs?c mn osJuv s~osr cmo tHAOa sum 
C I !lOm 0 0 0 0 ll 0 0 0 0 l& 2 2 0 0 0 
c 2 uom 0 0 0 0 2~ 0 ( 0 0 )0 0 0 0 0 
c 1 mm 0 0 0 lo ' 0 0 ~2 2 2 0 
c • uom 0 0 0 10 0 0 0 10 0 0 0 
c s mm Q 0 0 6 2 0 8 0 0 0 0 
c' nom 0 0 0 10 0 0 10 0 D. 2 0 D. 2 
Mt C IUS 2 0 o 1us o.m o.m o.on o o.m 

c 1 zoom 0 
c 2 2~0H? p 14 2 0 
c 1 zoom 10 IC 12 12 0 0 
c 'mm 2 1( 16 16 16 0. 2 0.2 0.' 
c s zoom 5.1 0 6.1 10 10 0,( 0 c.' 
c s ZOGm 2 0 0 6 0 0 Q.( 0 0 . l 
M~ a o.m us 1.m 0 0 10.78 6.5ii 6.666 O.IH 0.031 0. 2 

C I 2105i2 1l au 0 83.3 16 .1 IU 0 
c 2 2iO:i2 II ' m 0 140 2 2 0 
c 1 mm 1l J.l E~ .l 0 155 .5 23.3 23.J 0.' u 0.! 
c l 210ii2 II 6 I DO 0 110 0 0 0. 4 u 0. i 
c : 2i~:l; H . , 

J.. 0 I iS . i u 0 133.) IU IU 0 0. 2 0. 2 
c 6 z;m~ ll 2 93 0 100 I~ 10 0 0 

~· 0. !: 2.:: 12U 1.2H o 12u 11.45 1u~ o. m o. m ~ .m 

C I IOJSi; 23 1 ~ I! 52 c. 6 I 1.6 
~; .. ~ ........ ~, ..,- C 2 100m 23 z: n 4l 0 0 0. 2 0. 5 0.! 

C 3 ICQOl2 23 13 3! ' sa 1 2 u 0. ' 0. 5 
C 4 IO~m 23 l 2·: 3~ 0 :: 2 1 D. 4 0.' 
c s 1om: 23 6 .I 0 I: 10 3.3 3~ 5.1 6.1 0.1 0. 3 
c s ~~~ci: 23 0 0 li 22 0 4l 0 0 0.2 0. 2 

··~ I.Sii Uli 0 0 I! 1;. 3~ u: , ; . so 1.m 1.m o.lis o.m o.13J 

C I am: so 26 0 1i 4 ' 0.2 0. 2 
c 1 am: ,. 

.~ 0 0 41 0 u 0 0 0.& 0.8 
c 2 80ll: s; 0 0 13 0 1 a 2 0.2 0. z 

c ' em: H 0 1 31 0 H 0 0.' 0.' 
c 5 80i~2 5~ 0 13 2 22 0 u 0. 5 
c 6 am~ 55 0 20 0 0 25 0 0.1 o. a 
Ml o.m 1.m o o.m 25 0 0.333 23 . 33 0.5 a. 5 

C I zam 112 a m.J a 10 236 .1 0 0 500 J.J u a u 0. 2 
c 2 2om 112 OUJ.l a ).3 416.1 a 1.1 m l.l ).3 0 u 0.' 
c 3 zom 112 a m 0 J.l 423.3 0 l.l IOU 13.3 13.3 u a u 
c ' 2m: 112 auu 0 13.3 180 a a 53U 6.1 6.7 a 0.1 u 
c 5 2m2 112 0 m 0 u 126.1 0 10 S6U 10 10 0 1.2 0. 2 

c ' 2om 112 o m.1 0 a 3.3 m 0 Ul!U 3.) l.l 0 u Q.2 

"'' 0 215 .1 0 0 us 311.2 0 l.ISl SIU us us 1.115 o.m 1.1!3 



1. Olisrochaeta: 

TUBI = 
NAID = 

2. Hirudinaea: 

l:.ROC = 
HEST = 

3. Gastroooda: 

RAPE = 
GYAL :: 

4. Bivalvia: 

SPSP = 
PISP = 

5. Crustacea: 

OSTRA = 

Tubificidae 
Naididae 

Erpobdella octoculata 
Helobdella stagnalis 

Radix peregra 
Gyraulus albus 

Sphaerium sp. 
Pisidium sp. 

Ostt"acoda 

6. Eohemerootera: 

CLDI = Cloeon dipterum 

7. Diotera: 

CHAOB = Chaoberinae 

Chironomidae: 
TANY = Tanypodinae 
CHIRO = Chironominae 
ORTHO = Orthocladiinae 
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der Rheinisch-Westfllischen 

T echnischen Hochschule 
RWTH Aachen, 52056 Aachen 

Declaration 

Therewith wa declare, that we have performed the statistical evaluation of the 

phytoplankton-, 70oplankton and benthos data from the microcosm experiment 

conducted in 1992 by the Institute of Ecobiology, Bayer AG, to the best of our 

knowledge and beliefe aL well as according to the common scientific standard. 

The data to evaluate was b£en collected by aqua terra, Institut fur angewandte 

Okologie e.v., Koln. 

Aachen, 17.06.93 

~~ Y. ·.~--... /I 
Udo Hemmen Dr. H.T . rt&tte 



- aicroc~s• experiaent 1992, Bayer AO, Leverkusen-Monheia 

The dats has been sent to us as common QuattroPro, Lotus or ASCII-files on 
floppy discs, collected by ~qua terra, Inatitut f~r angewandte Okologie e.V., 
Koln. 
For the stat:iatical evaluation we used the PC-program CA (Community Analysis, 
Hemmen et al. 1993). 
The results of the program had been verified by teat data seta (e.g. Smith 1986, 
Muhlenberg 1976) and by comparison with another, independent statistical 
progr~ns (Pelzer, unpubl.). 
The following calculation• have been conducted: 

1. Calculation of means 

Arithmetic means were calculated from the up to 6 samples per pond f~r the moat 
abundant species or taxa. These means were used for the plots. Tl•e differences 
were tested for significance using t-teat, Wilcoxon-Mann-Whitney-test, ANOVA or 
Kruskall-Wallis-test (depending of the type of distribution). 

2. Number of species, diversity and eveness 

For the zooplankton we had to lump some groups which had been separately counted 
but could not be assigned to one certain spec~~s: 
a) Zooplankton 

Daphnia magna + D. long. + D. j~venile 

adult Copepoda + copepodits + n~uplii 

juvenile Ostracods + adult Ostracods 

• Daphnia spec. 
"' total Copepodn 

"' total Ostracods 

Therefore, the following 19 taxa have been considered (see list of 
abbreviations): 
DASPEC SCMUC SIVET BOLON ALAF CHYSP POPED SUCOP TRTET KEQUA CEGIB ASPER SYSPC 
POREM FILON XSPC SUOST CHIRO CHACB 

For the phytoplankton, all of the 53 counted units by aqua terra could been used 
as separate species: 
COEKU PSAAR ACNOR AMPPS AULIT CALBA CYCME CYMVE DIHIE DITEN DIVUL 
FRACR GOMSP NACUS NASUS NASPC NICAP NIFON NISUA STANC SYNAC DIUND 
EUSPC PHOSC PHPLE PHPYR TRSPC CRERO CRMAR CHNOR RHr:.LA COLMI COCFO 
DICPU LAGGE OOSPC PLALA SCARC $CARM SCART SCELL SCOBL SCSEM TECAU 
TEKOM CHLUN CSEHR CSLUN CSPRI CSPRO COLAE COMEN CJUND 

The similar was done for the countod benthos taxa (14), they all were used for 
calculation of the diversity indices: 
BI NAID EROC HEST RAPE GYAL SPSP PISP OSTRA CLDI CHAOS TANY 
CHIRO OR THO 

To determine the species number, species or taxa h~ve been taken that occurred 
at least in 1 individual and 1 sample per pond. 



relative population density of species i 

The eveness as calculated by (e.g. Boyle et al. 1990): 

E • H I Hmax • Hs I ln(n) 

with n number of existing species 

3. Similarities 

To calculate similarities of communities we used the same data sets as described 
above (2.). 
The Stander's index was calculated according the following formula (e.g. Boyle 
etal. 1990): 

with: 

i, j samples to compar•t 

relative population density of species k in sample i and j 

The randomized permutation procedure by Smith (1986) is described in detail in 
Engels & Ratte (1992) (see enclosure). 
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BAYER AG 
C'~ntral Ar.alysis Department 
51368 Leverlrusen 
Germany 

Date 
Study number 
Study director 
Deputy 

Test SiJbstance: Polymeric MDI (Desmodur 44 V 20) 

ill representative: Dr. Klebert, Bayer AG, Donnagen 

Chemical name : 

Empirical formula 

CAS No. 
Sample No./year: 
Production plant: 
Product No.: 

Stan of study 
End of study 

432732/1992 
PU-P/UER 
410 012 01 

: 13.05.92 
: 13.01.93 

1. Objective of the studv 

Molar mass 

Batch/lot No. 
Sample date 
Production date 
Stable until 

: 05.Feb.1993 
: G 92/0061/01 LEV 
:Dr. Jaeger 
: Dr. Theimer 

Commission No. -

: -- g/mole 

: 2014 
: 01.04.92 
: 01.04.92 
: 01.10.92 

Study 101-EU-ENV organized by the International Isocyanate Institute (ill) involves 
a simulated transpon accident in which polymeric 4,4' -diphenylmethane diisocyanate, 
also known as 4,4'-methylenediphenyldiisocyanate (MDO, enters an aquatic 
ecosytem. This aquatic ecosystem was simulated usbg three artificial ponds. A 
detailed description of the study can be found in the study plan for study No. E 413 
0629-5 (managed by Dr. Heimbach, PF-F/UF-OE). The test substance was added to 
the three ponds as follows: 

Pond A: 
Pond B: 
Pond C: 
Frequency: 

Control 
1 g MD Ill pond water 
10 g MDI/1 pond water 
Single dose. 

Accompanying analysis for the pond study was carried out by the Central Analysis 
Department, I.everk:usen (Dr. Jaeger and Dr. Fus) under study No. G 92/0061101 
LEV. It encompassed analysis of tht sample matrices water, fish and sediment for 
monomeric MDI (4,4'-diphenylmethane diisocyanate) and MDA (4,4'-diphenyl
methanediamine). 
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Date of sampling Type of sample 

Day -1 May 12, 1992 Sediment 
Day 0 May 13, 1992 Water 
Day 1 May 14, 1992 Water 
Day 7 May 20, 1992 Water, sediment 
Day 14 May 27, 1992 Water, sediment 
Day 28 June 10, 1992 Water, sediment 
Day 56 July 8, 1992 Water, sediment 
Day 112 September 2, 1992 Water, sediment, fish 

The sediment samples were mostly mixed samples obtained from six individual 
samples. The sampling locations are described exactly in study E 413 0629-5. The 
following target limits of detection for MDA and MI:'I were established in the project 
proposal for the International Isocyanate Institute: 

Water: 
Sediment: 
Fish: 

0.1 mg/1 
1 mg/kg 
1 mg/kg . 

2. Characterization of the test substance 

The material accountability of the test substance polymeric MDI (batch/lot No. 2014, 
sample No. 432732/1992) was analyzed under study No. G 92/0061100 LEV (study 
director Dr. Fus) 

3. Brief description of the apalvtical methods 

3. 1 Extraction and enrichment of MDA and MDI from aguegus solutions (analytical 
method 2011-0326201-92Dl 

In the aqueous sample, MDI was derivatized with dibutylamine to give 
4,4'-diphenylmethane-N,N'-dibutylurea (HPLC determination) or with 
N-(4-nitrobenzyl)propylamine (TLC determination) to &ive the corresponding urea. 
4,4'-Diphenylmethane diamine and the urea derivatlV'e were then extracted with 
toluene and the extract was concentrated using a rotary vacuum evaporator. The 
concentrated sample solution derivatized with N-(4-nitrobenzyl}propylamine 
(nitroreagent) could be analyzed directly by TLC (thin-layer chromatography). If 
MDI in the water sample was derivatized with dibutylamine, it was quantified by 
HPLC (high-performance liquid chromatography). The result could not be confirmed 
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by MDI recovery before the organic toluene phase since MDI preci9itates 
immediately as urea in water. Under these conditions, the mean recovery rate for 
MDI was 90 % with TLC; the mean recovery rate for MDA was also 90 %. 

3.2 Extraction and enrichment of MDA and MDI from trout 
<analytical methods 2011-0322401-92D and 2011-0322301-92Dl 

The frozen, sacrificed trout were homogenized. Any MDI which existed was 
derivatized with dibutylamine to 4,4 '-diphenylmethane-N ,N' -dibutylurea and 
extracted with toluene. The toluene extract was concentrated with methanol and 
analyzed by HPLC. To determine MDA, the homogenized fish was extracted with 
diethylether, and the concentrated extract solution was analyzed by HFLC. When 
analytical methods 2011-0322401-92 D and 2011-0322301-92D were established, 
MDA was added to the homogenized fish and MDI to the diethylether extract. The 
mean recovery rates were 69 % for MDA and 84 % for MDI. 

3.3 Extraction and enrichment of MPA and MDI fiom pond sediment 
<analytical methods 2011-03221 o l-92D and 2011-032220 1-92Dl 

The pond sediment was homogenized with sodium sulphate and any MDI in the 
sediment was derivatized with dibutylamine to 4,4' -diphenylmethane-N ,N' -dibutyl
urea. The urea was extracted with toluene. This extract was then concentrated and 
analyzed by HPLC. Determination of MDA was carried out analogously using 
diethylether for the extraction step. When the analytical methods were established, 
recovery rates were determined by adding MDA to the sediment and MDI to the 
toluene extract. The mean recovery rates were 56 % for MDA and 82 % for MDI. 

3.4 HPLC determination of the MDA content in the extracts obtained in sections 3.1 -
3.3 <analytical method K 2011-0322501-92Dl 

Subject: MDA content in extracts from samples of fish, sediment and water 
Method No.: K 2011-0322501-920 
Description: HPLC method 

I socratic 
Eluent: 300 m1 acemnitrile, 700 m1 distilled water, 2 ml a-phosphoric 
acid 
Column: Cyclobond I (b-cyclodextrin, Astec Cat. No. 41010), length 
250 mm, internal diameter 4.6 mm, flow rate about 1 ml/min, UV 
detection at 220 nm, evaluation against an external standard. 
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3.5 HPLC determination of MDI content in the extl)cts obtained in sections 
3.1 - 3.3 (analytical method K 2011-0322601-92Dl 

Subject: MDI content in the form of the derivative 4,4 '-diphenyl
methane-N ,N' -dibutylurea 

Method No.: K 2011-0322601-92D 
Description: HPLC method 

Gradient elution 
Eluent A: 300 ml acetonitrile, 700 ml distilled water, 2 ml 
a-phosphoric acid 
Eluent B: 1000 ml acetonitrile, 2 ml a-phosphoric acid 
Gradient: 

Min A% B% ml/min 

t = 0 100 0 1 
t = 4.0 100 0 1 
t = 4.1 100 0 1.5 
t = 9.0 40 60 1.5 
t = 20.0 40 60 1.5 
t = 2.'LO 100 0 1.0 

Column: RP8 commercial column (Merck Cat. No. 50341), length 
250 rom, internal diamter 4.6 rom, timer-controlled UV detection at 
220 - 250 om, evaluation against an external standard. 

3.6 Details of the linearity and precision of the HPLC determinations of MDI and MDA 

The linearity of the determination procedure for MDI and MDA using the above 
analytical methods (sections 3.4 - 3.5) was verified over a range of 0.5 - 10 mg/1 
using six different concentrations of standard solutions. When the enriched sample 
extracts were quantified, a calibration point was set at 10 mg/1. . The evaluation 
follows the procedure of an external standard. The precision of the method was 
established with six independent determinations of standard solutions contUning 
2 mg/1. 
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MDA 

1.99 mg/1 
0.10 mg/1 
0.36 mg/1 
0.11 mg/1 
1.99 ± 0.11 mg/1 

MDI derivative 

2.01 mg/1 
0.04 mg/1 
0.15 mg/1 
0.04 mg/1 
2.01 ± 0.04 mg/1 

Arithmetic mean 
Standard deviation 
Rarl.ge 
Uncertainty of measurement 
Confidence interval 

The limits of detection were 0.5 mg/1 for both MDA and MDI based on the standard 
solutions. 

3. 7 Determination of MDI and MDA content in agueous solutions Csee section 3. 1 l by 
thin-layer chromato&why (analytical method 2011-0326301-920) 

The content of MDI and MDA in the extracts of the water samples (section 3.1) was 
also determined by thin-layer chromatography to confirm and supplement the HPLC 
determinations. The principle is the reaction of MDI in the test solution with 
N-(4-nitrobenzyl)propylamine (nitroreagent) to form the respective urea derivative. 
(The MDA remained underivatized.) This reaction prevents the isocyanate from 
reacting further with the water and allows a visualization of the spots afte: Jtin-layer 
chromatography. To achieve this, the nitro group of the nitroreagent ureas is 
reduced, then diazotized together with MDA and coupled to the corresponding azo 
dyes. Evaluation is then performed visually using an external standard. 

MDA and the MDI derivative were determined on one chromatogram on the oasis of 
their different RF values and different colours on the plate. 

Test: 
Method No.: 

Content of MDA and MDI in extracts from water samples 
2011-03263201-920 

Separation chamber: Flat-bottom chamber 
Layer: Silica gel 60 F 254 
Layer thickness: 0.25 mm 
Solvent: Acetone/toluene 4 ml/6 ml 
Application \ ,)Jume: 10 ~1 of each solution 
Separation path: ADoui 7 em 
Development time: About 30 min 



GLP Flnal Report 

ACCOMPANYING ANALYSIS FOR POND STUDY 

Page 6 of 14 

4. Rrsults 

4.1 Test: Content of 4.4'-dipllenylmethane diamine in water samples 

Day 

0 

1 

7 

14 

28 

56 

112 

Sample preparation 
method No.: 2011-0326201-920 

TLC method No.: 2011-032631J1-92D 

Laboratory manager: Dr. Fus 

HPLC method No.: K 2011-0322501-920 

Laboratory manager: Dr. Jaeger 

Date Pond B 
mg/1 

HPLC 
PondC 
m.g/1 

Pond B 
mg/1 

TLC 
Pond C 
mg/1 

13.05.92 n.d. <0.0125 n.d. <0.0125 n.d. <0.0125 n.d. <0.0125 

14.05.92 n.d. <0.125 n.d. <0.0125 n.d. <0.0125 n.d. <0.0125 

20.05.92 n.d. <0.0125 n.d. <0.0125 n.d. <0.0125 n.d. <0.0125 

27.05.92 n.d. <0.01 n.d. <0.01 n.d. <0.01 n.d. <0.01 

10.06.92 n.d. <0.01 n.d. <0.01 n.d. <0.01 n.d. <0.01 

08.07.92 n.d. <0.01 n.d. <0.01 n.d. <0.01 n.d. <0.01 

02.09.92 n.d. <0.01 n.d. <0.01 n.d. <0.01 n.d. <0.01 

n.d. = not detectable, recovery rate (see section 3.1) not taken into account 

The limits of detection given here vary depending on the volume of the concentrated 
sample. On days 0, 1 and 7 200 ml of water were used; on the other days the sample 
volume was 2S~ rnl. 
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4.2 Test: Content of 4.4' -diphenylmethane-N.N' -dibutylurea in water 
samples 

Day 

0 

1 

7 

14 

28 

56 

112 

Sample preparation 
method No.: 2011-0326201-920 

TLC method No.: 2011-0326301-92D 

Laboratory manager: Dr. Fus 

HPLC method No.: K 2011-0322601-920 

Laboratory manager: Dr. Jaeger 

Date Pond B 
mg/1 

HPLC 
Pond C 
mg/1 

TLC 
Pond B 
mg/1 

13.05.92 n.d. < 0.0125 n.d. < 0.0125 n.d. < 0.025 

14.05.92 n.d. <0.125 n.d. <0.0125 n.d. <0.025 

20.05.92 n.d. < 0.0125 0.0178 n.d. < 0.025 

27.05.92 n.d. <0.01 0.0533 n.d. < 0.02 

10.06.92 . n.d. <0.01 n.d. <0.01 n.d. <0.02 

08.07.92 n.d. <0.01 n.d. <0.01 n.d. <0.02 

02.09.92 n.d. <0.01 n.d. <IJ.Ol n.d. <0.02 

Pond C 
mg/1 

n.d. <0.025 

n.d. <0.025 

n.d. <0.025 

n.d. <0.02 

n.d. <0.02 

n.d. <0.02 

n.d. <0.02 

n.d. = not detectable, recovery -ate (see section 3.1) not taken into account 

The limits of detection g: here vary depending on the volume of the concentrated 
sample. On days 0, 1 anti 'i 200 m1 of water were used; on the other days the sample 
volume was 250 ml. 
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4.3 Test: Content of 4.4' -diphenylmetbane diamine in pond sediment 

Sample preparation 
method No.: 2011-0322201-920 

HPLC method No.: K 2011-0322501-920 

Laboratory manager: Dr. Jaeger 

Day Date Pond B PondC 
mg/kg m&lk& 

-1 12.05.92 I n.d. <0.58 I n.d. <0.5 
II n.d. <0.58 II n.d. <0.5 

7 20.05.92 I 12.88 I 8.1 
II n.d. <0.58 II 33.9 

14 27.05.92 I* n.d. <0.58 I** n.d.<0.5 
II* n.d. <0.58 II** n.d.<0.5 

28 10.06.92 I n.d. <0.58 I 1.6 
II n.d. <0.58 II n.d. <0.5 

56 08.07.92 I n.d. <0.58 I n.d. <0.5 
II n.d. <0.58 II 2.1 

112 02.09.92 I n.d.<0.58 I n.d.<0.5 
II n.d. <0.58 II n.d.<O.S 

I, II: Sample identification, all contents determined by HPLC 
• The sediment samples from positions 1-6 in pond B were supplied separately 

and combined to form a mixed sample 
I** Sediment sample f-om position 1 in pond C 
II** : Sediment sample from position 3 in pond C 
n.d.: Not detectable, recovery rates (see section 3.3) not taken into account 
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Content of 4.4'-dipheoy1methane-N.N'dibutyl-urea in pond 
sediment 

Sample preparation 
method No.: 2011-0322101-920 

HPLC method No.: K 2011-0322601-920 

Laboratory manager: Dr Jaeger 

Day Date 

-1 12.05. 9'2 

7 20.05.92 

14* 27.05.9: 

2~ 10.06.92 

56 08.07.92 

112 02.09.92 

PondB 
m&lk& 

I n.d. <0.58 
II n.d. <0.58 

I 25.2 
II 3.2 

I 0.9 
II 11.2 

I 2.6 
II 2.7 

I 3.2 
II 1.3 

I n.d.<0-5 
II 2.1 

Pond C 
m&lk& 

I n.d. <0.5 
II n.d. <0.5 

I 20d52 
II 17968 

1 33931 
2 28529 
3 19883 
4 10034 
5 41069 
6 951 

I 7860 
II 787S 

I 3161 
II 5089 

I 1.3 
n 1.8 

n.d.: Not detectable, recovery rates (~ s«.tion 3.3) not taken intt: account 
I, n: Sample identification, all contents determined by HPLC 
• On day 14 silt individual samples were analyzed from pond C instead of one 

m~~ sample 
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4.5 Test: Content of 4.4'-diphenylmethanediamine in fish samples 
Sample preparation 
method No.: 2011-0322301-920 
HPLC method No.: K 2011-03225U1-92D 
Laboratory manager: Dr. Jae~er 

Day Date Pond I Fasb 

112 02.09.92 A/1 ,2,3,4,5,6 

112 02.09.92 B/1 ,3,4,5,6 

112 02.09.92 C/1 ,2,4 

n.d. < 1 

n.d. < 1 

n.d. < 1 

n.d. Not detectable, recovery rates (see section 3.2) not taken into account 

4 .6 Test: Content of 4.4'-diphenylmethane-N.N'-dibutJ'I-urea in fish 
samples 

Sample preparation 
method No. : 2011-0322401-920 
HPLC method No.: K 2011-0322601-920 
Laboratory manager: Dr. Ja~ger 

Day Date Pond I Fasb 

112 02.09.92 All ,2,3,4,5,6 

112 02.09.92 B/1 ,3,4,5,6 

112 02.09.92 C/1,2,4 

mg/k& 

n.d. <1 

.l.d. <1 

n.d. <1 

n.d. Not detectable, tecovery rates (see section 3.2) not taken into account 
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5.! Wei&hin& of sdiment samples 

The sediment samples were weighed after the water covering them had been decanted 
off (the samples were supplied in glass containers with residual water). This 
procedure was observed in the preparation of all samples. 

5.2 Inhomo&eneity of samples 

The samples of pond sediment contained solid particles of polymerized 
diphenylmethaoe diisocyaoate (MDO in a wide variety of sizes. The following 
samples were observed to be inhomogeneous: 

Pond C 
Pond C 
Pond C 
Pond C 
Pond C 

20.05.92 
27.05.92 
10.06.92 
08.07.92 
02.09.92 

5.3 Determination of diphenylmetbaoediamine (MDAl in pond sediment 

During determination of MDA in pon<l sediment, analytical method 
2011-0322201-920 had to be supplemented by an additional clean-up step to separate 
the large incidental quantities of MDI which were pr:-~nt after the sediment had 
been extracted. The ether extract was shaken out with 50 m1 of 1 mol HCl three 
times, adjusted to allcaline and re-extracted with 50 rnl of ether three times. 
Thereafter the sample extract was prepared in accordomu- with analytical procedure 
2011-0322201-920 (see section 4.3). The supplementt'd procedure was used for the 
following samples: 

Pon~ C 
Pond C 
Pond C 
Pond C 
Pond C 

20.05.92 
27.05.92 
10.06.92 
08.07.92 
02.09.92 
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5. 4 Quantification of MDA and MDI derivative by HPLC 

The results stated here were also confirmed by standard addition of 0.5-1 mg/1 to the 
final chromatography solutions in which no MDA or MDI was detected within the 
limit of detection of 0.5 mg/1. 

5.5 Documentation of the final results for 4.4'-diphenylmethane diisocynate CMDI> 

The ratio between the rr.olar masses of pure MDI (250.26) and 4,4'-diphenyl
methane-N ,N' -dibutylurea (580. 75) is 1 : 2.32. The corresponding conversion factor 
0.43 was multiplied with the concentration cf MDI urea derivative to give the content 
of pure MDI. The content of 4,4' -diphenylmethane diisocyanate (MDI) in the various 
samples as determined by HPLC is shown below. 

5.6 Table of results for 4.4'-MDI 

Day Date 

0 13.05.92 

14.05.92 

7 20.05.92 

!4 27.05.92 

28 10.06.92 

56 08.07.92 

112 02.09.92 

Pond B 
mg/1 

Pond water 

n.d. < 0.0054 

n.d. < 0.0054 

n.d. < 0.0054 

n.d. <0.0043 

n.d. < 0.0043 

n.d. < 0.0043 

n.d. < 0.0043 

n.d. = not detectable 
< . . . =- detection limit 

Por.d C 
mg/1 

n.d. < 0.0054 

n.d. < 0.0054 

0.0077 

0.0229 

n.d. < 0.0043 

n.d. < 0.0043 

n.d. < 0.0043 
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Continuation of table of ~~ults for 4,4'-MDI 

Day Date Pond sediment 
Pond B Pond C 
m&fk& m&fk& 

-1 12.05.92 I n.d. <0.215 I n.d. <0.215 -
II n.d. <0.215 II n.d. <0.215 -

7 20.05.92 I 10.836 I 8966 
II 1.376 II 7726 

14 27.05.92 I 0.387 1 14590 
II 4.816 2 12267 

3 8549 
4 4315 
5 17659 
6 409 

28 10.06.92 I 1.118 I 3380 
II 1.161 II 3388 

56 08.07.92 I 1.376 II 1359 
II 0.559 II 2188 

112 02.09.92 I n.d. <0.215 I 0.559 A/1,2,3,4,5,6 n.d. <0.43 
11 0.903 II 0.774 B/1,3,4,5,6 n.d. <0.43 

C/1,2,4 n.d. <0.43 

n.d. = not detectable 
< ... = detection limit 

6. Evaluation apd comments 

The raw data have been chec ·d and will be archived. 
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7. ~&~Jratjon by study director 

This study was carried out in accordance with the OECD Principles of Good 
Laboratory Practice (GLP) of 04.02.83 (publi!ihed in the Federal Gazette No. 42a of 
02.03.83) and the Principles of Good Laboratory Practice (GLP) set out in Appendix 
1 of the German legislation governing protection against hazardous substances 
(Chemicals Act) or 14.03.90 (published in the Federal Gazette, Part I of 22.03.90). 

8. Arcbjvin& of records 

GLP-Archiv, Bayer AG, C ... iltral Analysis Department, ZF-DZA Analytik 
Leverkusen/OAL, Gebaude 0 13, 51368 Leverkusen 

Study plan, raw data sheets , chromatograr.ts, spectra, other documents needed for 
verification, final and inspection reports. 

Appendix: Declaration by Quality Assurance Unit (QAU) 

Study director: 08.02.93 (signed) K. Jaeger 

(Date) 

Deputy (Dr. Fus): (08.02.93 (signed) M. Fus 

Distribution: 

(Date) 

Dr. Klebert, LS-P/AD DOR, Gebaude A 608 
Archive 
Head of test facility 
QS/ZF-DZA Koordination Alt- und Neustoffanalytik 
Dr. Keller 
Dr. Jaeger 
D.l. Sporenberg 
Dr. Heimbach, PF-F/UF-OE, MON, Gebiude 6620 



Bayer AG 
Central Analysis Department 
51368 Leverlrusen 
Germany 

Quality Assurance declaration for final rCJ)Ort 

Study No./Commission No. : G 92/0061101 LEV 
Title of GLP study : Polymeric MDI 

Type of study: Accompanying analysis for pond study 

Appendix 1 to the 
final report 
Page J of 1 

This GLP study was monitored continuously by Quality Assurance. The dates of the 
inspections and the dates on which reports to the head of the test facility and the study 
director were written are listed below. 

Inspection 
(Date) 

May 12, 1992 

January 29, 1993 

February 8, 1993 

Report 
(Date) 

'..fay 12, 1992 

January 29, 1993 

February 8, 1993 

The results stated in the final report on this study have been examined on the basis of the 
current SOPs/analytical methods. To the best of our knowledge they correspond to the 
available raw data. 

Quality Assurance 

February 8, 1993 

(Date) 

(signed) W. Willers 

(Willers) 



BAYER AC 
ZF-D Zenerale Analytik 
Gebiude 0 13 
5090 Leverkusen 1 

Prufsubstanz: MDI-Polymer 

Daeum 
Seudiennummer: 
Prufleieer 
Vertreter 

OS.Feb.l993 
C 92/0061/01 LEV 
Dr.Jaeger 
Dr.Theimer 

Auftraggeber: Dr.K1ebert, LS-P/AD DOR, Geblude A 608 Auftragsnummer: --

Chemische Bezeichnung 

Summenforme1 

CAS·Nr. 
Proben-Nr. jJ ahr 
Herstellbetrieb 
Produkt·Nr. 

Beginn der Prufung 
Ende der Prufung 

432732/1992 
PU·P/UER 2 
410 012 01 

13.05.92 
13.01.~3 

1. Zielseezung der Seydie 

Molare Masse 

Charge/Pareie-Nr. 
Datum Probennahme 
Herstel1datum 
Ha1tbarkeit bis 

-- g/mo1 

2014 
01.04.92 
01.04. 92 
01.10. 92 

Im Rahmen der vom International Isocyanat Instieute (III) veran1assten 
Studie 101-EU·ENV soll eine Transpore Havarie simuliere ~erden, bei der 
4,4'-Diphenylmeehandiisocyanat (MDI) in ein aquaeisches Okosystem 
gelange . Dieses aquaeische Okosyseem wird in einer aus drei Teichen 
bestehenden Model1teichan1age simuliert, eine genaue Versuchsbeschrei
bung findet sich im Prufplan mit der Studi~n-Nr. E 413 0629-5 (Versuchs· 
betreuer Dr.He~mbach PF·F/UF·OE). Die Dosierung der Teiche ist nach· 
folgend aufgefuhrt: 

Teich A: 
Teich B: 
Teich C: 
Hiufigkeit der Verabreichung: 

Kontrolle 
1 g MDI/1 Teichwasser 
lOg MDI/1 Teichwasser 
einma1 

Die von ZF·DZA/OAL (Labors Dr.Jaeger und Dr.Fus) unter der Studien-Nr. 
G 92/0061/01 LEV durchgefuhrte Beg1eitana1ytik zur Teichstudie umfasst 
die Analyse der Probenmatrizes Uasser, Fisch und Sediment in Bezug auf 
monomeres MDI (4,4'·Dipheny1methandiisocyanat) und MDA (4 , 4'-Diphenyl
methandiamin): 

Probenahmetermine Probenart 

Tag ·1 12 .Mai 1992 Sediment 
Tag 0 13 .Mai 1992 Uasser 
Tag 1 14.Mai 1992 Uasser 
Tag 7 20.Mai 1992 Uasser, Sediment 
Tag 14 27.Mai 1992 Uasser, Sediment 
Tag 28 10.Juni 1992 Uasser, Sediment 
Tag 56 OS.Juli 1992 t,'asser, Sediment 
Tag 112 02. September 1992 Uasser, Sediment, Fisch 
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Studiennummer: 
Prufleiter 
Vertreter 

Auftraggeber: Dr.Kl , Jert, LS·P/AD DOR, Gebiude A 608 

05.Feb.l993 
G 92/0061/01 LEV 
Dr.Jaeger 
Dr.Theimer 

Auftragsnummer: ·· 

Die Sedimentproben sind im Regelfal1 Mischproben aus sechs Einzelproben, 
wobei die Positionen der Probenahmen in der Studie E 413 0629-5 genau 
beschrieben warden. Im Projektvorschlag fur das International Isocyanate 
Institute -~rde folgende anzustrebende Nachweisgrenzen fur MDA und MDI 
festgelegt: 

~asser: 

Sediment: 
Fisch: 

0,1 mg/1 
1 mg/kg 
1 mg/kg 

2. Charakterisieryna der Testsubstanz 

Unter der Studien·Nr. G 92/0061/00 LEV (Prfrfleiter Dr.Fus) -~rde eine 
analytische Stoffbilanz der Prufsubstanz MDI·Polymer (Charge/Partie-Nr. 
2014, Proben-Nr. 432732/1992) durchgefuhrt. 

3. Kurze Beschreibyng der 6ntlysenmethoden 

3.1 Extraktion und Anreicherung von MDA und MDI aus wAssrigen LOsungen 
(Analysenrnethode 2011-0326201-92Dl 

In der wissrigen Probe wird das MDI entweder mit Dibuty1amin zu 
4,4'-Diphenylmethan-N,N'·dibutylharnstoff (HPLC-Bestimmung) oder mit 
N-4-Nitrobenzylpropylamin (DC-Bestimmung) zum entsprechenden Harnstoff 
derivatisiert. 4,4'-Diphenylmethandiamin und das Harnstoffderivat 
warden nachfolgend mit Toluol extrahiert sowie der Extrakt am 
Rotationsverdampfer aufkonzentriert. Die mit N-4-Nitrobenzylpropylamin 
derivatisierte, aufkonz~r~rierte ChromatographielOsung kann dann direkt 
einer DC (-DUnnschichteh _matographie) Bestimmung zugefUhrt werden. Bei 
Derivatisierung mit Dibutylamin erfolgt eine Quantifizierung per HPLC 
(Hoehdruekflussigkeitsehromatographie). Eine Kontrolle uber die Wieder· 
findung an MDI 1st erst ab der organisehen Toluol-Phase mOglieh, da MDI 
im wissrigen Medium sofort als Harnstoff ausfi1lt. Unter dieser Vc·: •u•· 
setzung liegt die mittlere Yiederfindungsrate bei der DC·Bestimmung fur 
MDI bei 90%, aueh fur MDA findet sieh eine mittlere Yiederfindungsrate 
von 90%. 
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3. 2 Extraktion und Anreicberung von Mt:A und MDI aus Forellen 
<Analysenmethoden 2011-0322401-92D und 2011-0322301·920) 

Die getoteten und eingefrorenen Fore11en werden bomogenisiert, die 
Zie1komponente MDI mit Dibutylamin zu 4,4'-0iphenylmetban-N,N'
dibucylbarnstoff derivatisiert und mittels Toluol extrahiert. Der 
Toluolextrakt wird unter Zugabe von Methanol aufkonzentriert und durch 
HPLC analysiert. Bei der MDA Bestimmung wird das Fischhomogenat mit 
Diethylether extrahiert, sowie das Aufkonzentrat ebenfall~ mit HPLC 
untersucht. Bei Erstellung der Analysenmethoden 2011-032~~0l-92D und 
2011-0322301-92D betrug die mittlere Uiederfindungsrate an MDA 69%, 
die von MDI 84%, wobei das MDI zum Extrakt des Fischhomogenats dotiert 
wurde. 

3.3 Extraktion und Anreicherung von MDA und MDI aus Teichsediment 
(Analvsenmethoden 2011-0322101-92D und 2011-0322201-92D) 

Nach Homogenisierung des Teichsediments mit Natriumsulfat wird das 
darin nachzuweisende MDI mit Dibuty1amin zu 4,4'-Diphenyl.methan-N,N'· 
dibutylharnstoff d r ivatisiert. Danach wird mit Toluol extrahiert, der 
Toluolextrakt aufkonzentriert und die Analyse mit HPLC durchgefuhrt. 
Bei der MDA Bestimmung verfihrt man analog, in Abinderung wird mit 
Diethy1ether als Extraktionsmittel gearbeitet. Zur Bestimmung der 
Uiederfindungsraten bei Erstellen der Analysenmethoden wurde Sediment 
mit MDA bzw. der Toluolextrakt mit MDI dotiert. Die mittleren 
~iederfindungsraten 1agen f~r MDI bei 82%, die fur MDA bei 56%. 

3.4 Gehaltsbestimrnung von MDA in den unter 3.1 - 3,3 gewonnenen Extrakten 
per HPLC <Analysepmethode K 2011-0322501-92Pl 

Pr\lfung: Gehalt an MDA in Probenextrakten aus Fisch, Sediment 
und \Jasser 

Methoden-Nr.: K 2011-0322501-92D 
Kurzbeschreibung: HPLC-Methode 

isokratisch 
Laufmittel 

Trennslu1e 

300m1 Acetonitr11, 700o1 dest.\Jasser 
2m1 o-Phosphorslure 
Cyc1obond I (b-Cyc1odextrin, Astec 
Cat.-No.4l0l0) Llnge 250mm, innerer 
Durchmesser-4,6mn, FluB etwa lml/min 
UV-Detektion bei 220nm 
Auswertung nach der Methode des externen 
Standards 
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3.5 Geha1tsbestimrnun& von MDI in den unter 3.1 - 3.3 gewonnenen Extrakten 
per HPLC (Analysenmetbode K 2011-0322601-92D) 

PrUfung: Gehalt an MDI in Form des Derivates 4,4'-Diphenyl
methan-N,N'-dibuty1harnstoff 

Methoden-Nr.: K 2011-0322601-92D 
Kurzbescbreibung: HPLC-Methode 

Gradientenelution 
La ·mittel A: 300ml Acetonitril, 700ml dest. ~asser 

2m1 o-Phosphorslure 
B: 1000m1 Acetonitri1, 2m1 o-Phosphorsaure 

Trennsiule RP8 Fertigsiu1e (Merck Cat.50341) 
LAnge 250mm, innerer Durchmesser 
-4,6mmm, FluB (t-O min)-lml/min 
Zeitrrogrammierte UV-Detektion im 
Bereich 220-250nm 
Auswertung nach der Methode des externen 
Standards 

3.6 Angaben zur LinearitAt und PrAzision der HPL&-Bestimmungen von 
MDI und MDA 

Die Linearitlt des MeBverfahrens fur MDI und MDA nach obigen 
Analysenmethoden (3.4 - 3.5) wurde im Bereich 0,5-lOmg/1 bezogen auf 
die MeB10sung anhand von sechs MeBpunkten uberprllft und verifiziert. 
Bei der Quantifizierung der angereicherten Probenextrakte wird ein 
Kalibr~erpunkt bei lOmg/1 MeBlOsung gesetzt und nach der M~ thode des 
externen Standards ausgewertet. Zur Ermitt1ung der Pr.tzision des 
MeBverfahrens wurden sechs unabhingige analytische Bestimmungen von 
2mg/1 haltigen MeBlOsungen durchgefuhrt. 

MDA 

1,99mgj1 
0, 10mg/1 
0,36mg/1 
O,llms/1 
1, 1 +/- O,llm&/1 

MDI-Derivat 

2,01m&/1 
0,04m&/1 
0, 15mg/1 
0,04~ ·· 11 

2,01 1 . 0,04m&J1 

Arithmetischer Mitte1wert 
Standardabweichung 
Spannbreite 
Ergebnisunaicherbeit 
Vertrauensbereich 

Die Nachweissrenzen der HPLC Bestimmung liegen b•zogen auf die Me!16auns 
bei jeweila O,Smg/1 fur MDA und HDI-Derivat. 
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3.7 Gehaltsbestimmung von MDI und MPA aus den wAssrigen LOsungen (s.3 .ll 
per ounnr;hichtchromatographie CAnalysenmethode 2011-0326301-92Pl 

Zwecks Absicherung und Erginzung zur HPLC-Quantifizierung •~rde der 
Gebalt an MDI und MDA in den Extrakten der Yasserproben (3 . 1) auch 
mittels OOnnschichtchromatographi.e bestimmt. Gru.ndlage des Verfahrens 
ist die Umsetzung der Probelosung u.it 4-Nitrobenzylpropylamin, wobei das 
MDI zum Harnstoffderivat umgesetzt wird und das MDA weiterhin 
underivatisiert vorliegt. Die Umsetzung verhindert das weitere 
Abreagieren des Isocyanats mit dem Wasser und erlaubt die Umwandlung der 
Nitroverbindung in einen Farbstoff zur Visualisierung per 
Ihlnnschichtchromatographie. Die visuelle Auswertung erfolgt nach 
Reduktion, Diazotierung und Kupplung des Harnstoffderivates bzw. von MDA 
auf der DC-Platte zu den entsprechenden Azofarbstoffen nach der 
Methode des externen Standards . 

r~A und MDI-Derivat werden durch ihre unterschiedlichen Rr-Yerte und 
ihre unterschiedliche Farbe auf der Platte neben~inander bestimmt. 

Prufung: 
Uethoden-Nr: 
!rennkammer: 
Schicht: 
Schichtdicke: 
Flieu11 '': tel: 
Auftrasevolumen: 

Gehalt an MDA und MDI ProbenextrakteP aus Wasser 
2011-0326301-92D 
Flacbbodenk~er 

Kieselgel 60 F 254 
0,25mm 
Acetonj!oluol-4ml/6ml 
je 10~1 der MeBlosung, Trennstrecke etwa 7cm, 
Trennzeit etwa 30 min 
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4.1 Pr'llfung: 4.4'-Diphenylmethand1amin Gehalt in den 
'-'asserproben 

Tag 

0 

1 

7 

14 

28 

56 

112 

Probenvoroereitung 
Methoden-Nr.: 2011-0326201-920 
DC 
Methoden-Nr.: 2011-0326301-920 
Laborleiter: Dr.Fus 

HPLC 
Methoden-Nr. : 
Laborleiter: 

K 2011-0322501-920 
Dr.Jaeger 

HPLC DC 
Datum Teich B Teich c Teich B 

mg/1 mg/1 mg/1 

13.05.92 n.n.<0,0125 n.n.<0,0125 n.n.<0.0125 

14.05.92 n.n.<0,0125 n.n.<0,0125 n.n.<0,0125 

20.05.92 n.n.<0,0125 n.n.<0,0125 n.n.<0,0125 

27.05.92 n.n.<0,01 n.n.<0,01 n.n.<0,01 

10.06.92 n.n.<0,01 n.n.<0,01 n.n.<0,01 

08.07.92 n.n.<0,01 n.n.<0,01 n.n.<0,01 

02.09.92 n.n.<O,Ol n.n.<0,01 n.n.<0,01 

Teich c 
mg/1 

n.n.<0,0125 

n.n.<0.0125 

n.n.<0,0125 

n.n.<0,01 

n.n.<0,01 

n.n.,o.c: 

n.n.<0,01 

n.n. - nicht nachweisbar, Wiederfindungsrate (s.3.1) nicht ber'llcksichtigt 

Die angegebenen N•~hweisgrenzen va=iieren in Abhlngigkeit vom 
aufkonzentriert~n Probevo1umen. Bei Tag 0, 1 und 7 wurden 200ml 
Wasser aufgearbeitet, an den restlichen Tagen waren es 250ml 
Probevolumen. 



BAYER AG 
ZF-D Zentrale Analytik 
Geblude 0 13 
5090 Lev~rkusen 1 

Prufsubstanz: HOI-Polymer 

Datum 
Studiennummer: 
Prufleiu 
Vertreter 

05.Feb.l993 
G 92/0061/01 LEV 
Dr.Jaeger 
Dr.Thet;ner 

Auftraggeber: Dr.Klebert, LS-P/AD DOR, Geblude A 608 Auftragsnummer: --

4.2 

Tag 

0 

1 

7 

14 

28 

56 

112 

Prufung: 

Probenvorbereitung 
Methoden-Nr.: 
DC 
Methoden-Nr.: 
Laborleiter: 

HPLC 
Methoden-Nr. : 
Laborl<!iter: 

Datum Teich 
mg/1 

B 
HPLC 

13.05.92 n.n.<0,0125 

14.05.92 n. n.<O, 0125 

20.05.92 n.n.<0,0125 

27.05.92 n.n.<O,Ol 

10.06.92 n.n.<0,01 

08.07.92 n.n.<0,01 

02.09.92 n.n.<O,Ol 

4,4'-Diphenvlmethan-N,N'-dibutvlharnstof~ 
Gehalt in den ~asserproben 

Teich c 
mg/1 

n. n.<O, 0125 

n.n.<0,0125 

0,0178 

0,0533 

n.n.<0,01 

n.n.<0,01 

n.n.<0,01 

2011·0326201-92D 

2011-0326301- 92D 
Dr.Fus 

K 2011-0322601-92D 
Dr .Jaeger 

DC 
Teich B Teich c 
mg/1 mg/1 

n.n.<0.025 n.n.<0,025 

n.n.<0,025 n.n.<0.025 

n.n.<0,025 n.n.<0,025 

n.n.<0,02 n.n.<0 ,02 

n.n.<0,02 n.n.<0,02 

n.n.<0,02 n.n.<0,02 

n.n <0,02 n.n.<0,02 

n.n. - nicht nachweisbar, Wiederfindungsrate (s.3.1) nicht beriicksichtigt 

Die angegebenen N4chweisgrenzen variieren in Abhlngigkeit vom 
aufkonzentrierten Probevolumen. Bei Tag 0, 1 und 7 wurden 200ml 
~asser aufgearbeitet, an den restlichen Tagen war~n ~s 250ml 
Probevolum,'!n. 
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4.3 Prufung: 4.4'-Pipheny1methandiamin 
f~ha1t im Ieichsedimenk 

Probenvorbereitung 
Methoden-Nr.: 2011-0322201-92D 
HPLC 
Methcden-Nr.: K 2011-0322501-92D 

Dr. Jaeger Laborleiter: 

Tag 

-1 

7 

1-. 

28 

56 

112 

I, II: 

* 
I** 
Il** 
n.n. 

Datum Teich B Teich c 
mg/kg mg/kg 

12.05. 92 I n .n.<O,S I n . n.<0,5 
II n.n .<O,S II n.n .<O,S 

20.05 . 92 I 12,8 I 8,1 
II n.n.<0,5 II 33,9 

27.05.92 I* n.n.<O,S I** n.n.<O,S 
II* n. n.<O,; II** n.n.<0,5 

10 . 06 . 92 I n.n.<O,S I 1 6 
II n.n.<O,S II n.n .<0,5 

08.07.92 I n.n.<0,5 I n .n .<O,S 
II n.n.<O,S II 2,1 

02.09.92 I n . n.<0,'5 I n .n.<O,S 
II n . n.<O,S II n . n .<0,5 

Pro~enbezeichnung, a11e Geha1tsbesti~~ungen per HPLC 
Die Sedimentproben der Positionen l-6 im Mode11teich B wurden 
getrer~t ange1iefert und zu einer Mischprobe vereinigt 
Sedimentprobe aus Position 1 des Model1teichs C 
Sedimentprobe aus Position 3 des Mode1lteichs 
nicht nachweisbar, Wiederfindungsraten (s.3.3) nicht 
berllckdchtigt 



BAYER AG Datum OS.Feb.l993 
ZF-0 Zentrale Analytik Studiennummer: G 92/0061/01 LEV 
Gebiude 0 13 Prilfleiter Or.Jaeger 
5090 Leverkusen 1 Vertreter Or.Theimer 

Pnlfsubstanz: MDI- Polym<er 

Auftraggeber: Or.Klebert, LS-P/AD OOR, Gebiude A 608 Auftragsnummer: 

4.4 Pr'..ifung: 4,4'-~1~h~nvlm~~hAn-~.~·-~iQY~vlbirn~toff 
~~hil~ 1m I~1~h~f21mfn~ 

Probenvorbereit~ng 

Methoden· Nr.: 2011-0322101-920 
HPLC 
Methoden-Nr.: K 2011-0322601-920 
Laborleiter: Or.Jaeger 

Tag !:latum Teich B Teich c 
mg/kg mgjkg 

-1 12.05.92 I. n.n .<O,S I n.n.<O,S 
II n.n.<O,S II n.n.<O,S 

7 20.05.92 I 25,2 I 20852 
II 3,2 II 17968 

14* 27.05 . 92 I 0,9 1 33931 
II 11,2 2 28529 

3 19883 
4 10034 
5 41069 
6 951 

28 10.06.92 I 2,6 I 7860 
II 2,7 II 7878 

56 08.07.92 I 3,2 I 3lbl 
II 1,3 II 5089 

112 02.09.92 I n.n.<O,S I 1,3 
II 2,1 II 1,8 

n.n. : nicht nachweisbar, Wiederfindungsraten (s.3.3) nicht 
berilcksichtigt 

I, 11: Probe~bezeichnung, alle Gehaltsbestimmungen per HPLC 
* bei Tag 14 wurde bei Teich C keine Mischprobe sondern secha 

Einzelproben bestimmt 

--



BAYER AG Datum 05.Feb.l993 
ZF-D Zentrale Analytik 
Geblude 0 13 

Studiennummer: G 9210061101 LEV 
Pr\lfleiter Dr.Jaeger 

5090 Leverkusen 1 Vertreter Dr.Theimer 

Pr\lfsubstanz: HDI-Po1)~er 

Auftraggeber: Dr.Klebert, LS-PIAD DOR, Gebiude A 608 Auftragsnummer: 

4.5 

4 . 6 

Pr\lfung: 

Probenvorbereitung 
Methoden-Nr. : 
HPLC 
Methoden-Nr.: 
Labor1eiter: 

Tag Datum 

112 02 . 09.92 

112 02.09 . 92 

112 02.09.92 

4.4'-Dipheny1methandiamin 
Geha1t in Fischproben 

2011-0322301-920 

K 2011-0322501-920 
Dr.Jaeger 

Teich I Fische 

A I 1,2,3,4,5,6 

B I 1,3,4,5,6 

c I 1,2,4 

mglkg 

n.n. <1 

n.n. <1 

n.n. <1 

n.n nicht nachweisbar, ~iederfindungsraten (s.3.2) ~icht 
berucksichtigt 
a1le Gehaltsbestimmungen per HPLC 

Prufung: 

Probenvorbereitung 
Methoden-Nr. : 
HPLC 
Methoden-Nr . : 
Laborl,, iter: 

Tag Datum 

112 02.09.92 

112 02.09.92 

112 02.09.92 

4 ,4'- Diphenylmethan-N, N' -dibutylharnst.2..f.f 
Gehalt in fischproben 

2011-0322401·92D 

K 2011-0322601-920 
Dr.~'aeger 

Teich I Fisch• 

A I 1,2,3,4,5,6 

B I 1,3,4,5,6 

c I 1,2,4 

'llglkg 

n.n. <1 

n.n. <1 

n.n. <l 

n.n nicht nachweiabar, W1ederf1ndunssraten (s.3.2) nicht 
ber\lckaichti&t 
all• Gehaltsbestimmunsen per HPLC 



BAYER AG 
ZF·O Zentrale Analytik 
Gebiude 0 13 
5090 Leverkusen 1 

PrUfsubstanz: MDI·Polymer 

Datum 
Studiennummer: 
Prufleiter 
Vertreter 

Auftraggeber: Dr.Klebert, LS·P/AD DOR, Gebaude A 608 

5. AnmerkuDUD 

5.1 Einwaage der Sedimentproben 

05.Feb.l993 
G 92/0061/01 LEV 
Or.Jaeger 
Dr.Theimer 

Auftragsnummer: ·· 

Die Sedimentproben wurden nach Abdekantieren des uberstehenden ~assers 
(die Proben wurden im Glasgefifi mit Restmengen an Wasser angeliefert~ 
eingewogen. Diese Vorgehensweise wurde bei allen Probenvorbereitungen 
beibehalten. 

5 . 2 Probeninhomogenitaten 

Die Proben des Teichsedimentes enthielt~n Feststoffanteile von 
polymerisiertem Methandiphenyldiisocyant (MDI) unterschiedlichster 
Grofien. Diese Probeninhomogenitat wurde bei folgenden Proben beobachtet: 

Teich c 20.05 . 92 
Teich c 27.05 . 92 
Teich c 10.06 . 92 
Teich c 08 . C7 . 92 
Teich c 02.09.92 

5 . 3 Bestimmung von Methandiphenyldiamin (MDA) im Teichsediment 

In Erginzung zur Analysenmethode 2011-0322201-920 mufite bei d~r 
Bestimmung von MDA im Teichsediment ein zusitzlicher Clean-Up Schritt 
zur Abtrennung der ~ohen Begleitmengen an MDI nach der Extraktion des 
Sedimentes aufgenommen werden. Dabei wird der Etherextrakt 3 mal mit je 
50ml 1 molarer HC1 ausgeschuttelt, alkalisch gestellt und 3 mal mit 
jeweils 50ml Ether reextrahiert. Die weitere Aufarbeitung des 
Probenextraktes erfolgte wie in der Analysenvorschrift 2011-0322201-920 
beschrieben. Dieses Verfahren wurde bei folgenden Proben angew~ndet: 

Teich c 20.05.92 
Teich c 27.05.92 
Teich c 10.06.92 
Teich c 08.07.92 
Teich c 02.09.92 



BAYER AG 
ZF-0 Zentrale An~lytik 
Gebl.ude 0 13 
5090 Leverkusen 1 

PrUfsubstanz: MOl-Polymer 

Datum 
StudiennUDWier: 
Prufleiter 
Vertreter 

Auftraggeber: Dr.Klebert, LS-P/AD DOR , Geblude A 608 

5.4 Ouantifizierun& von MDA und MDI-Derivat per HPLC 

05.Feb.l993 
G 92/0061/01 LEV 
Dr.Jaeger 
Dr.Theimr.r 

Auftragsnummer: --

Die angegebenen Ergebnisse •~rden durch Standardadditionen zur 
Endkonzentration der Me810sung von 0,5 - lmg/1 zusatzlich abgesichert, 
dies gilt fur die Me810sungen in denen innerhalb der Nachweisgrenze von 
0,5mg/1 kein MDA und MDI nachweisbar war. 

5 . 5 An&abe des Endergebnisses fUr 4.4'-Dipheny1methandiisocvanat (MDI) 

Die ~o1aren Hassen von reinem MDI (250,26) und 
4,4'-Dipheny1methan-N,N'-dibutylharnstoff (580,75) verha1ten sich 
wie 1 : 2,32. Der hiaraus resultierende Umrechnungsfaktor von 0,43 1st 
mit der Konzentrationsangabe fur das HDI-Harnstoffderivat zu 
mu1tiplizieren, um auf den Gehalt an reinem MDI zu schlie8en. 
Nachfolgend sind die Geha1tsangaben der HPLC-Bestimmungen fur 
4,4'-Dipheny1methandiisocyanat (MDI) in den unterschied1ichen Proben 
aufgefuhrt: 

5.6 Ergebnistabe11en fQr 4.4'-Diphenv1methandiisocyanat 

Tag Datum Teichvasser 
Teich B Teich c 
mg/1 mg/1 

0 13.05.92 n.n.<0,0054 n.n.<0,0054 

1 14.05.92 n.n.<0,0054 n.n.<0,0054 

7 20.0j.92 n.n.<0,0054 0,0077 

14 27.05.92 n.n.<0,0043 0,0229 

28 10.06.92 n.n.<0,0043 n.n.<0,0043 

56 08.07.92 n.n.<0,0043 n.n.<0,0043 

112 02.09.92 n.n.<0,0043 n.n.<0,0043 



BEGLEITAN~LYTIK FOR TEICHSTUDIE 

BAYER AG 
ZF-D Zentra1e Ar..1ytik 
Gebiude 0 13 
5090 Leverkusen 1 

PrUfsubstanz: MDI·P~ lymer 

Datum 05.Feb.1993 
Studiennummer: G 92/0061/01 LEV 
PrUf1eiter Dr.Jaeger 
Vertreter Dr.Theimer 

Auftraggeber: Dr. r ; bert, LS-P/AD DOR, Gebiude A 608 Auftragsnummer: --

Forts~tzung der Ergebnistabe11e: 

Tag Datum Te ichsediment Fisch 
Teich B Teich c 
mg/kg mg/kg mg/kg 

-1 12.05.92 I n.n.<0,215 I n.n.<0,215 
II n.n.<0,215 II n. n.<O, 215 

7 20.05.92 I 10,836 1 8966 
II 1,376 II 7726 

14 27.05.92 I 0,387 1 14590 
II .:.,816 2 12267 

3 8549 
4 4315 
5 17659 
6 409 

28 10.06.92 I 1,118 I 3380 
II 1,161 II 3388 

56 08.07.92 I 1,376 I 1359 
II 0,559 II 2188 

112 02.09.92 I n.n .<0,215 I 0,559 A/1,2,3,4,5,6 n.n.<0,43 
II 0,903 II 0, 774 B/1,3,4,5,6 n.n.<0,43 

C/1,2,4 n.n.<U,43 



BAYER AG 
ZF-0 Zentra1e Ana1ytik 
Gebiude 0 13 
5090 Leverkusen 1 

Prufsubstanz: MDI-Po1ymer 

Datum 
Studiennummer: 
Pruf1eiter 
Vertreter 

Auftra~geber: Dr.K1ebert, LS-P/AD DOR, Gebaude A 608 

6. Bevertung und Kommentar 

- Rohdaten sind uberpruft und werden archiviert 

7. Erkli-~ng des PrUf1eiters 

05.feb.1993 
G 92/0061/01 LEV 
Dr.Jaeger 
Dr.Theimer 

Auftragsnummer: --

Die Untersuchungen wurden in ~oereinstimmung mit den OECD-Grundsatzen 
der Guten Laborpraxis (GLP) vom 04.02.83 (veroffent1icht im 
Bundesanzeiger Nr.42a vom 02.03.83) und den Grundsatzen der Guten 
Laborpraxis (CLP) gema8 Anhang 1 des Gesetzes zum Schutz vor 
gefihr1ichen Steffen (Chemikaliengesetz) vom 14.03.1990 (ver
offent1icht im Bundesgesetzblatt, Tei1 I vom 22.03.1990) durchgefuhrt. 

8. Archivierung von Aufzeichnungen 

GLP-Archiv, Bayer AG, ZF-DL~ Analytik Leverkusen/OAL, Gebaude 0 13, 
5090 Leverkusen 1 

Prufplan, Rohdatenb1itter, Chromatogramme, Spektren, weitere fur eine 
Nachprufung re1evante Unterlagen, Absch1u8- und Inspektionsberichte. 

Anlagen: Erk1irung der Qualita:ssicherungseinheit (QS) 



BAYER AG Datum OS.Feb.1993 
ZF-D Zenerale Analyeik 
Gebiude 0 13 

Seudiennummer: G 92/0061/01 LEV 
Prufleieer Dr.Jaeger 

5090 Leverkusen 1 Verereeer Dr.Theimer 

PrO.fsubseanz: MOl-Polymer 

Auftraggeber: Dr.Klebert, LS-P/AD DOR, Geb&ude A 608 Auferagsnummer: --

Prufleiter: t~.02 q3 
( atum) 

Beereuer: (Dr.Fus) QtDZ.41 
(Datum) 

Verteiler: ~r.Klebert, LS-P/AD DOR, Gebiude A 608 
Archiv 
Leieer Prufeinrichtung 
QS/ZF-DZA Koordinaeion Alt- und Neustoffanalytik 
Dr .Keller 
Dr .Jaeger 
D. I.Sporenberg 
Dr.Heimbach, PF-F(UF-OE, MON, Gebaude 6620 

k. 
14. 



ZF-DZA Ana __ · - . ·: 
Gebaude o 13 
5090 Leverkusen 1 

oualitatssiW!:_'l,l~;'slijrung zum... Absct \u8bericht 

Studien-Nr . b7.w. . ·.uftrag-Nr . : G 9210061/ 011 LiN 
Tite ~ ~er GLP-Unte~suchung : MOl-Polymer 

Abschlu.Bbericht 
se::..te 1 von ! 

Art der Studie: 3 lj P ~ t (M.,.. -. ~ J,' k ~ ""r lt.t
1 J.. .1 ~ v(t'!. 

J 

Diese GLP-Untersuchung wurde laufend durch die Qualitatssicherung 
tiberprtift. Die Zeitpunkte der Inspektionen und die Zeitpunkte de= 
Berichte an den Leiter der Prtifeinrichtung und an den Prtifleiter 
sind nachfolgend aufgeftihrt: 

Uberprtifung 
(Datu~) 

~?. J-. 9 7. 

z '1. ;1. ~ J 

~. ~ . 9J • 

Bericht 
(Datum) 

/l. J-. 9 z 
?q.tf,Cf] 

& . .{. 9 J 

Die im Abschlu8bericht dieser Untersuchung wiedergegebenen 
Ergebnisse werden auf der Basis der aktuellen SOP, 's/Analysen
methoden Ube~prtift. Sie entsprechen nach unserem besten Wissen 
den vorliegended Rohdaten. 

Qualitatssicherung: 

(Datum) 
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